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Selective screening for atrial fibrillation using

multivariable risk models

David T Linker,' Tasha B Murphy, Ali H Mokdad?

ABSTRACT

Objective Atrial fibrillation can lead to stroke if
untreated, and identifying those at higher risk is
necessary for cost-effective screening for asymptomatic,
paroxysmal atrial fibrillation. Age has been proposed to
identify those at risk, but risk models may provide better
discrimination. This study compares atrial fibrillation risk
models with age for screening for atrial fibrillation.
Methods Nine atrial fibrillation risk models were
compared using the Atherosclerosis Risk in Communities
study (11373 subjects, 60.0+5.7 years old). A new risk
model (Screening for Asymptomatic Atrial Fibrillation
Events—SAAFE) was created using data collected in the
Monitoring Disparities in Chronic Conditions study (3790
subjects, 58.9+15.3 years old). The primary measure
was the fraction of incident atrial fibrillation subjects
who should receive treatment due to a high CHA,DS -
VASc score identified when screening a fixed number
equivalent to the age criterion. Secondary measures were
the C statistic and net benefit.

Results Five risk models were significantly better than
age. Age identified 71 (61%) of the subjects at risk for
stroke who subsequently developed atrial fibrillation,
while the best risk model identified 96 (82%). The newly
developed SAAFE model identified 95 (81%), primarily
based on age, congestive heart failure and coronary
artery disease.

Conclusions Use of a risk model increases
identification of subjects at risk for atrial fibrillation. One
of the best performing models (SAAFE) does not require
an ECG for its application, so that it could be used
instead of age as a screening criterion without adding to
the cost.

INTRODUCTION

Atrial fibrillation is the most common rhythm
disturbance of the heart requiring treatment, with
a lifetime risk exceeding 209%." * Estimates of the
prevalence of atrial fibrillation in the USA range
from 2.2 to 5.1million people® * as of the year
2000. The incidence of atrial fibrillation increases
with age,” and it has been estimated that as many
as 12.1million Americans will be diagnosed with
atrial fibrillation by the year 2050.* Although many
people experience symptoms when they develop
atrial fibrillation, it can be asymptomatic.

The true prevalence of asymptomatic atrial fibril-
lation is unclear, but several studies provide some
indication of the magnitude of the problem. In one
study of paroxysmal atrial fibrillation, there were 12
times as many asymptomatic episodes as symptom-
atic episodes.® In another study using twice-weekly

surveillance ECGs over 1year, 42% of the atrial
fibrillation that was discovered was asymptomatic.”
Intermittent rhythm monitoring in higher risk popu-
lations has identified asymptomatic, undiagnosed
atrial fibrillation in 3%-7% of those studied, and
diagnosed four times more than a baseline ECG.*’

All atrial fibrillation carries an increased risk of
stroke, which can range from 0.4% to 15% per
year depending on coexisting risk factors,'* and is
present even if the atrial fibrillation is asymptom-
atic.!! If the patient is identified, treatment with
anticoagulants can reduce that risk by as much as
62051112

The clinical problem is how to practically identify
people with asymptomatic, paroxysmal atrial fibril-
lation. This can be done with long-term rhythm
monitoring or opportunistic ECG, with higher
yields for longer durations of rhythm monitoring."
To be cost-effective, screening should be applied to
specific groups that are at higher risk.'*

Age over 65 has been adopted as a useful crite-
rion for screening in the most recent European
guidelines." Alternatively, a number of risk models
that have been created to predict the development
of incident atrial fibrillation could be considered as
an aid to screening.'**! We examined the ability of
these models, and a new risk model based solely
on historical information, to predict incident atrial
fibrillation when compared with a simple age-based
criterion.

METHODS

Derivation of the Screening for Asymptomatic
Atrial Fibrillation Events risk model

The Screening for Asymptomatic Atrial Fibrillation
Events (SAAFE) study is designed to prospectively
determine the prevalence of asymptomatic, undi-
agnosed atrial fibrillation in subjects who are at
increased risk relative to the general population.
Potential subjects will be identified from a larger
screening population based only on demographic
and historical risk factors to reduce the screening
cost. As part of the SAAFE study, a new risk model
was created using only demographic and historical
data.

The SAAFE risk model was derived from a subset
of the data collected in the Monitoring Disparities
in Chronic Conditions (MDCC) study,”* which
surveyed specific health conditions in King County,
Washington. The MDCC study used two methods of
data collection: a random, address-based sampling
(ABS), and medical record review-based sampling
(MRRBS). More details of MDCC data collection
are available in the online supplementary material.
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The data from both derivation cohorts were merged, with a
variable identifying which cohort the subject was in, and if from
the MRRBS cohort, the diagnosis that resulted in their inclusion.
The variables tested for the risk model were age, sex, height,
weight, body mass index (BMI), race, self-reported history of
congestive heart failure, myocardial infarction, coronary artery
disease, coronary artery stenting, diabetes mellitus, chronic
obstructive lung disease, renal failure, kidney transplant, dial-
ysis, cardiac arrest, hypercholesterolaemia, asthma, coronary
artery bypass grafting, hypertension or stroke. In addition, for
the MRRBS group, the reason for recruitment was included as
a variable.

All of the variables were self-reported except for the reason
for inclusion in the MRRBS cohort. Also, the data were collected
at a single point in time, and therefore reflect self-reported prev-
alence of atrial fibrillation rather than incidence. Based on prior
risk models,'® ' additional variables were included for age’,
age X congestive heart failure, age® xsex, diabetes xage and coro-
nary artery disease Xage.

A binary logistic regression model was created and cross-val-
idated using Weka (V.3.6.7, University of Waikato) using the
SimpleLogistic algorithm for attribute selection, which employs
an iterative cross-validation technique to choose variables that
will significantly improve the model.

Study design

Year O

ARIC Data Collection

Exams

Prior atrial fibrillation risk scores

At least six other atrial fibrillation risk scores have been devel-
oped based on the Atherosclerosis Risk in Communities (ARIC)
study,'® the Framingham Heart Study,'® the Euro Heart Survey
on AFY (HATCH), the Women’s Health Study” (WHS), a
combination of studies including ARIC for the CHARGE-AF
consortium®’ and a meta-analysis of risk factors*' (Mayo). If a
risk model had a version with full Cox regression coefficients,
this was used in our analysis rather than a simplified points-
based model. Two of the models included variations that either
included or excluded some variables, so these variants were
tested in our analysis as well.

Comparison of risk model performance

To compare the performance of the risk scores we used data
collected as part of the ARIC study.”® The variables required to
calculate the risk for each of the models were collected from
exam 3, along with telephone surveys and community surveil-
lance prior to exam 3. Incident atrial fibrillation was determined
as new atrial fibrillation noted at exam 4, or from the telephone
or surveillance data between exams 3 and 4, in subjects who had
not been identified as having atrial fibrillation by exam 3. An
overview of the data collection and study design is in figure 1.

Telephone
Surveys

00000000

00000000|00000000

Community

Surveillance

MDCC Data Collection

Address Based Sample
Medical Record
Review Based Sample

Baseline risk
factors & AF

Calculation of risk]—’[ Comparison ]

Figure 1

Overview of study design and data collection. The MDCC study consisted of two cohorts which were combined to derive the SAAFE

risk model. The ARIC study collected data from exams every 3years, from telephone surveys every 6 months and from community surveillance of
healthcare records. All three sources were used in the current study. Data from the first 6 years of the ARIC study, including exam 3, were used as
baseline risk data. These data were used to calculate risk of developing AF using the SAAFE risk model and the other models from the literature. Data
from ARIC from exam 4, and the time period between exams 3 and 4 were used to determine new-onset AF, and compared with the results of the
risk models. The light blue boxes represent prior studies. The yellow items represent data collection in those studies. The orange items represent the
current study. AF, atrial fibrillation; ARIC, Atherosclerosis Risk in Communities; MDCC, Monitoring Disparities in Chronic Conditions; SAAFE, Screening

for Asymptomatic Atrial Fibrillation Events.
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Statistics

All univariate HRs, the C statistic, also known as the area under
the receiver operating characteristic curve (AUC), and 95% Cls
of the AUC were calculated using SPSS (V.19, SPSS). Compar-
ison between the AUC of pairs of risk models was performed
using roccomp in Stata (V.14.1, StataCorp). The statistical signif-
icance of frequencies was calculated using the Fisher’s exact test
in R (V.3.2.2, R Foundation for Statistical Computing, Vienna,
Austria).

RESULTS

SAAFE risk model

Data were analysed from a total of 3790 subjects, 1636 from
the ABS cohort and 2154 from the MRRBS cohort. The mean
age was 58.9years for the entire sample, with the ABS cohort
being younger on average than the MRRBS cohort (55.4 vs 61.6,
P<0.001).

There were 2000 women representing 52.7% of the total
sample, with 938 in the ABS cohort (57.3% of ABS cohort) and
1062 in the MRRBS cohort (49.3%). A total of 509 (13.4%) of
subjects reported atrial fibrillation, with 130 (7.8%) in the ABS
cohort and 379 (17.6%) in the MRRBS cohort. The univariate
OR of atrial fibrillation as associated with variables in the two
cohorts is summarised in online supplementary etable 1.

Univariate logistic regression was used to measure the asso-
ciation between prevalence of atrial fibrillation and each of the
continuous variables including age, height and weight, as well as
the calculated BMI and the product of height and weight. The
results for each of the cohorts and the total sample are presented
in online supplementary etable 2.

There was a significant association with age in both cohorts.
Atrial fibrillation prevalence increased at a relative rate of 4.4%
per year (figure 2). Associations for the other continuous vari-
ables were less consistent between cohorts, although all reached
significance in the combined sample.

40%

30%

20%

10%

0%

The continuous variables that remained in the multivariable
logistic model were age, height and heightxweight. Historical
variables that remained in the multivariable model were conges-
tive heart failure, coronary artery disease, chronic obstructive
pulmonary disease, cardiac arrest, coronary artery stenting,
stroke, diabetes and kidney transplant, as well as whether the
subject was in the MRRBS cohort. The final {§ coefficients of the
multivariable SAAFE model are listed in online supplementary
etable 3. The results on the combined cohorts yielded an AUC of
0.804 with a 95% CI of 0.785 to 0.826. Performance of 100-fold
cross-validation resulted in an AUC of 0.785.

The prevalence of atrial fibrillation in the MDCC population
increased monotonically from 2% to 66% with an increase in the
SAAFE risk score (figure 3). The contribution of each variable
to the total risk score in each group is illustrated in figure 4.
For the lower risk scores, age was the primary factor, while at
higher values comorbidities contributed increasing amounts of
risk, especially congestive heart failure.

Comparison with prior risk models

The ARIC data set includes a very high percentage of Afri-
can-American subjects (23.9% as of exam 3), and reported race
is related to atrial fibrillation risk in many of the prior models.
Since the MDCC sample had only 5.5% African-American
subjects, and this was not sufficient to assess the relative risk of
this population compared with Caucasians, the § coefficient for
race from the CHARGE-AF model was added to the SAAFE risk
model. A comparison of the variables used for each of the risk
score calculations is included in table 1.

The Framingham and CHARGE-AF risk models have
versions with and without ECG variables, and both were
tested. Since age has been recommended as a screening crite-
rion," age alone was also included as an independent risk
model. The CHADS, and CHA,DS,-VASc scores were also
included for comparison.

<30 30-39 40-49 50-59

Actual incidence

60-69 70-79 80-89 >=90

== Predicted incidence

Figure 2 Prevalence of atrial fibrillation versus age: the columns show the percentage of the population with atrial fibrillation in the Monitoring
Disparities in Chronic Conditions (MDCC) study as a function of age in decades for the entire sample. There was a continuous increase in prevalence
of atrial fibrillation in all age groups, starting at 2.1% in the first group. The fitted line shows the predicted relative increase of 4.4% per year, as based
on the regression equation using a compound model. Thus, after 10 years the prevalence would increase 1.044' or 1.54 times to 1.54x2.8%=3.2% in

the 30-39 age group.
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Total 112 585 1305 1001 357 120 44

Figure 3  Prevalence of AF as a function of the Screening for Asymptomatic Atrial Fibrillation Events (SAAFE) risk score. The graph below shows the
total number of subjects in the MDCC data set with each range of values, and the number within that group who have AF. AF, atrial fibrillation; MDCC,

Monitoring Disparities in Chronic Conditions.

There was a total of 11373 subjects with data available at
exam 3. Over the next 3years, 165 new cases of atrial fibril-
lation were diagnosed. Table 2 summarises the results for the
various risk models as predictors of incident atrial fibrillation
within 3 years of exam 3.

Treatment of patients with asymptomatic atrial fibrillation is
primarily determined by their risk for stroke, which is usually
estimated using the CHA,DS,-VASc score.”* Anticoagulation
with warfarin or direct oral anticoagulants is recommended
for those with a CHA,DS,-VASc score of 2 or greater. For this

Contribution of Risk Factors to SAAFE Risk Score

[l Age W CHF CAD HxW

SCD COPD [ Height M KTx

2.25

Increment to Risk Score
(4]

0.75

<=2.0 2.01-2.50 2.51-3.00

Hosp

3.01-3.50 3.51-4.00 4.01-4.50 >4.5
Risk Score

Figure 4 Contribution of risk factors to total Screening for Asymptomatic Atrial Fibrillation Events (SAAFE) risk score. The variables are age, CHF,

CAD, HxW, recent hospitalisation for cardiopulmonary conditions (Hosp),

cardiac arrest (SCD), chronic obstructive lung disease (COPD), height and

KTx. Note that the first three variables have the greatest contribution to the total risk score. CAD, coronary artery disease; CHF, congestive heart

failure; COPD, chronic obstructive pulmonary disease; HxW, height times

weight; KTx, kidney transplant; SCD, sudden cardiac death.
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Table 1 Variables used in the risk models

Study Yr Ht Wt CF D MI V CPD SD Stnt Str DM KTx Hsp M/F HTN Eth BI M PR BP R T LAE LVH
SAAFE X X X X X X X X X X X X X X

CHARGE-AF-A X X X X X X X X X X X
CHARGE-AF-S X X X X X X X X

ARIC X X X X X X X X X X X X
WHS X X X X X X
Framingham X X X X X X X X

Framingham-PR X X X X X X X

Mayo X X X X X X X

HATCH X X X X X

Yr=age, Ht=height, Wt=weight, CF=congestive heart failure, CD=coronary artery disease, Ml=myocardial infarction, V=valvular heart disease, CPD=chronicobstructive pulmonary disease,
SD=cardiacarrest, Stnt=coronary stent, Str=stroke, DM=diabetes mellitus, KTx=kidney transplant, Hsp=hospitalisation within 2 years for specified cardiovascular and pulmonary conditions, M/
F=sex, HTN=medication use for hypertension, Eth=ethanol use, Bl=body mass index, M=heart murmur, PR=PRinterval on ECG, BP=blood pressure, R=reported race, T=tobacco/smoking status,

LAE=leftatrial enlargement, LVH=leftventricular hypertrophy.

ARIC, Atherosclerosis Risk in Communities; CHARGE-AF-A, ‘Augmented’ CHARGE-AF model with ECG variables; CHARGE-AF-S, ‘Simple’ CHARGE-AF model excluding ECG variables; SAAFE,

Screening for Asymptomatic Atrial Fibrillation Events; WHS, Women's Health Study.

reason, a repeat analysis was limited to subjects in ARIC who at
exam 3 had a CHA DS,-VASc score of 2 or greater. The results
are shown in the right half of table 2 and the receiver operating
characteristic curves are shown in online supplementary efigure
1. A total of 5723 subjects had a CHA,DS -VASc score of >2at
exam 3, and of those, 117 were diagnosed with atrial fibrilla-
tion over the next 3 years. Neither the Framingham or HATCH
models nor CHADS, or CHA,DS -VASc were significantly better
than age alone (Framingham P=0.52and 0.71 with and without
ECG variables, respectively; HATCH P=0.55, CHADS,P=0.31,
CHA,DS,-VASc P=0.70), while all other models were signifi-
cantly better than age (P=0.021for WHS, P=0.01for Mayo
and P<0.001for all others). There was no significant differ-
ence between the best performing risk score (CHARGE-AF-A,
with ECG variables) and either ARIC or SAAFE (P=0.15and
P=0.45,respectively). All other comparisons with CHARGE-
AF-A were significantly worse (P=0.004for CHARGE-AF
without ECG variables and Mayo, and P<0.001 for all others).
To estimate the effectiveness in identifying subjects at risk,
several screening strategies were compared. The baseline
strategy was to screen all subjects aged 65 or greater, as has been

recommended.” There were 2548 subjects that met this crite-
rion and had a CHA,DS,-VASc score of 2 or greater. The alter-
native strategies were to use the WHS, ARIC, Mayo, HATCH,
SAAFE, and both CHARGE-AF and Framingham models on
all subjects with a CHA, DS, -VASc score of 2 or greater, with
the threshold for each model adjusted so that 2548 subjects
would be screened. The results are shown in table 3. The ARIC,
CHARGE and SAAFE models all identified significantly more of
the subjects who subsequently developed atrial fibrillation than
the baseline strategy.

Decision curve analysis™ plots the net benefit of a strategy
versus the threshold probability of finding a treatable condi-
tion. Figure 5 shows the net benefit for the top four models
compared with age alone. All of the models outperform age, and
in the range 4%-12%, the SAAFE model is generally superior.
At threshold probabilities of 2%—4%, the CHARGE-AF model
with ECG was superior. If the cost of added ECG was included
as ‘harm’, the net benefit of CHARGE-AF-A and ARIC curves
would be reduced, moving those curves downward, while the
other curves would be unchanged.

Table 2 Comparison of predictors for incident atrial fibrillation in ARIC over 3years

Al CHA,DS,-VASc=2
Risk model AUC (95% CI) P value AUC (95%Cl) P value
Age 0.678 (0.639t0 0.717) - 0.614 (0.565 to 0.662) -
SAAFE 0.766 (0.732 to 0.800) <0.001 0.745 (0.701 to 0.789) <0.001
CHARGE-AF-A 0.785 (0.750 to 0.819) <0.001 0.759 (0.715 to 0.803) <0.001
CHARGE-AF-S 0.775 (0.741 t0 0.810) <0.001 0.742 (0.698 to 0.787) <0.001
ARIC 0.762 (0.727 t0 0.797) <0.001 0.734 (0.689 to 0.780) <0.001
WHS 0.725 (0.688 to 0.762) 0.006 0.671 (0.623 to 0.719) 0.02
Framingham 0.626 (0.578 to 0.673) 0.07 0.597 (0.539 to 0.656) 0.52
Framingham-PR 0.639 (0.587 to 0.690) 0.18 0.597 (0.534 to 0.660) 0.71
Mayo 0.721 (0.683 to 0.759) 0.05 0.700 (0.651 to 0.749) 0.01
HATCH 0.659 (0.615 to 0.703) 0.48 0.644 (0.592 to 0.697) 0.55
CHADS, 0.658 (0.613 to 0.702) 0.47 0.639 (0.587 to 0.690) 0.31
CHA,DS,-VASc 0.660 (0.615 to 0.706) 0.49 0.654 (0.602 to 0.705) 0.70
Total subjects 11373 5723
AF incidence 165 117

The P values are comparing the C statistic to age alone.

AF, atrial fibrillation; ARIC, Atherosclerosis Risk in Communities; AUC, area under the receiver operating characteristic curve; CHARGE-AF-A, ‘Augmented’ CHARGE-AF model
with ECG variables; CHARGE-AF-S, ‘Simple’ CHARGE-AF model excluding ECG variables; Framingham PR, Framingham risk model excluding PR interval; SAAFE, Screening for

Asymptomatic Atrial Fibrillation Events; WHS, Women's Health Study.
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Table 3  Prediction of incident AF in ARIC for CHA,DS -VASc=2

Cases

included

(%) Proportion NRI P
Risk model n=117 P value Event NRI Sum NRI  value
Age =65 71 (61)
SAAFE 95 (81) 0.001 0.205 0.209 <0.001
CHARGE-AF-A 96 (82) <0.001 0.214 0.217 <0.001
CHARGE-AF-S 94 (80) 0.002 0.197 0.200 <0.001
ARIC 90 (77) 0.01 0171 0.174 0.002
WHS 85 (73) 0.071 0.119 0.113 0.016
Framingham 70 (60) >0.999 —-0.009 —-0.009 0.878
Framingham-PR 73 (62) 0.893 0.017 0.017 0.770
Mayo 85 (73)* 0.071 0.119 0.113 0.043
CHA,DS,-VASc 84 (72)* 0.097 0.111 0.09 0.14
HATCH NA*

Thresholds were adjusted so that all strategies would screen the same number of
subjects (2548) as age =65. Number in parentheses is the percentage of the total
incident AF in subjects with CHA,DS -VASc 2.

Proportion P value: Fisher's exact two-sided P values, compared with the base
frequency for the age criterion (71/117).

Event NRI: net reclassification improvement for subjects who had incident AF.
Sum NRI: sum of event and non-event net reclassification improvement compared
with age =65.

NRI P value: P value calculated for the sum of net reclassification improvement
based on the z-statistic. Note that the P values for all non-event NRIs (not shown)
were not significant with the exception of CHA,DS,-VASc which was P=0.003, and
the P values for the event NRI were similar to those shown.

*For the Mayo score, the closest cut point was for screening 2595 subjects. For
CHA,DS,-VASc, the nearest cut point was at 2678 subjects, with a transition from
2 to >3. For HATCH, the nearest cut points were at screening 962 subjects or 4574
subjects, so that the comparison is not applicable.

AF, atrial fibrillation; ARIC, Atherosclerosis Risk in Communities; CHARGE-AF-A,
‘Augmented’ CHARGE-AF model with ECG variables; CHARGE-AF-S, ‘Simple’
CHARGE-AF model excluding ECG variables; Framingham PR, Framingham

risk model excluding PR interval; NA, not applicable; SAAFE, Screening for
Asymptomatic Atrial Fibrillation Events; WHS, Women's Health Study.

DISCUSSION

Detection of asymptomatic atrial fibrillation requires evaluation
of the cardiac rhythm, and longer periods of rhythm monitoring
increase the yield."> Any rhythm monitoring can be expensive,
and we should try to limit it to those who are most likely to
benefit. Our results suggest that a strategy of screening those
with CHA,DS -VASc=2and a high risk score using the ARIC,
SAAFE or either CHARGE-AF model would select a larger
proportion of those at risk for further testing than using the age
criterion alone, while excluding most of those who would not
need treatment if diagnosed, or are at lower risk. The actual
yield of a screening programme is likely to be higher than in
the current study, since diagnosis in ARIC was using traditional
methods, without screening of asymptomatic individuals.

The time frame for prediction of atrial fibrillation for the risk
models was extremely variable. SAAFE was a prevalence model,
while HATCH is 1-year incidence, CHARGE-AF is 5 years, the
Mayo model a mean of 8.5 years and all others 10years (online
supplementary etable 4). Longer time frames can be challenging,
since risk factors may change during the observation time, and it
seems unlikely that atrial fibrillation risk would only be assessed
at such infrequent intervals in practice. Very short time frames
may not allow sufficient cases for analysis. We chose 3 years as
a compromise since it was a reasonably short time period, and
allowed inclusion of the subsequent exam data in the ARIC
data set. Clinically, the shorter time frame would allow earlier
identification and treatment to reduce stroke risk.

There are a number of differences between the SAAFE model
and previous models. The SAAFE model relies almost exclu-
sively on subject-reported demographic and historical data,
while many other models include ECG parameters. In spite of
derivation based on self-reported prevalence, it showed excel-
lent predictive power for incident atrial fibrillation, performing
as well as the best model (CHARGE-AF-A), and better than all
other models which do not include the ECG. Of note, the only
two models that had comparable performance used ARIC for
derivation, either alone or in combination with other data sets.

Age has long been known to be a risk factor for atrial fibrilla-
tion,> 2%’ and our results underscore its importance. The univar-
iate prevalence followed a compound model, with a relative
increase in prevalence of 4.4% per year. In the final multivari-
able model, the effect of age alone was reduced to 2.2% per year
due to including the effect of comorbidities, which are covariates
with age.

Sex has been considered a risk, however its association in our
study was not significant when height was also included, as was
reported previously in the ARIC cohort. This effect of inclusion
of height-eliminating sex has been noted in the Cardiovascular
Health Study as well.?® Similarly, weight”*” and BML* '® which
have been cited as risk factors for atrial fibrillation, were also
eliminated once height was included. The reasons for this strong
association with height are unclear, although correlation with
the size of the atrium, or growth pathway genes that are also
associated with atrial fibrillation risk have been proposed.?®

There are a number of uncertainties that should be addressed
before any of these risk models can be put into practice to guide
a screening programme for asymptomatic atrial fibrillation. The
first is that the threshold probability has yet to be determined,
since it is a choice based on a subjective assessment of the rela-
tive benefit as a function of the potential yield. As noted above,
that relative benefit would also be influenced by the assessment
of ‘harm’ associated with the cost of additional testing, such as
ECG.

The current study adjusted the thresholds of each model
so that the same number of subjects was screened as with
the recommended age criterion, but it is not clear that this is
optimal. None of these models have been calibrated to predict
absolute risk of developing atrial fibrillation over a shorter,
clinically relevant time frame, and ARIC most likely under-
estimates the true burden of atrial fibrillation that would be
found if a screening programme were implemented. The choice
of threshold value should also be influenced by the method of
screening contemplated. Lower cost screening methods could
be applied to a larger, lower risk population without incurring
excessive expenditures.

There is also a question about application to different
populations. Two of the best performing models (ARIC and
CHARGE-AF) were totally or partially derived from the ARIC
data set, and therefore may be overfitted to it. The effect of
ethnicity is most probably more complicated than used in the
current models. The classification of race in ARIC was limited to
Caucasian and African American, and the reason for the differ-
ences in incident atrial fibrillation in these groups is unclear.
Finally, the importance of other risk factors such as presence
of valvular heart disease or implantable pacemaker was not
assessed.

All of the best performing models were computed using the
full coefficients, rather than simple point systems. Although this
means that the calculation is more complicated, web and smart-
phone tools could be developed to perform the calculations, as
they have for other models.
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Figure 5 Decision curve for predicting incident atrial fibrillation in ARIC over 3years in subjects with CHA,DS,-VASc=2 in ARIC. The two best
performing models with and without ECG, and age alone were included. All of the models show superior net benefit compared with the simple

age criterion. AGE3, age at exam 3; ARIC, Atherosclerosis Risk in Communities; CHARGE-AF-A, ‘Augmented’ CHARGE-AF model with ECG variables;
CHARGE-AF-S, 'Simple” CHARGE-AF model excluding ECG variables; SAAFE, Screening for Asymptomatic Atrial Fibrillation Events (model developed in

the current study).

CONCLUSIONS

This study revealed that multivariable risk models performed
better than an age criterion for identifying subjects at risk
for developing atrial fibrillation and therefore stroke. It also
showed that a prevalence risk model for atrial fibrillation using
self-reported data with no need for medical tests or examina-
tion performed comparably to other existing risk models at
predicting incident atrial fibrillation over a 3-year period. A
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Key messages

What is already known on this subject?

Asymptomatic atrial fibrillation is a risk factor for stroke, and
treatment can reduce that risk. Screening for paroxysmal
asymptomatic atrial fibrillation should be targeted at those at
higher risk to be cost-effective, and age has been proposed as a
criterion for screening.

What might this study add?

Some clinical risk models performed better than age alone in
predicting those likely to be diagnosed with atrial fibrillation,
while others were worse. One of the best models did not require
any additional testing, meaning that it would not add to the cost
of screening.

How might this impact on clinical practice?

The use of clinical risk models could increase the yield of a
screening programme for asymptomatic paroxysmal atrial
fibrillation, while not adding to the cost.

strategy of screening subjects based on CHA,DS -VASc and the
SAAFE risk model could provide more effective screening for
atrial fibrillation than simple age-based screening.

Our model could be easily incorporated by physicians as a
screening tool used in a medical setting to identify patients who
could benefit from rhythm monitoring to diagnose asymptom-
atic atrial fibrillation, and thereby potentially reduce the burden
of stroke.
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