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IMPORTANCE Atrial fibrillation (AF), the most common arrhythmia, increases the risk
of stroke.

OBJECTIVE To review the evidence on screening for AF in adults without prior stroke to inform
the US Preventive Services Task Force.

DATA SOURCES PubMed, Cochrane Library, and trial registries through October 5, 2020;
references, experts, and literature surveillance through October 31, 2021.

STUDY SELECTION Randomized clinical trials (RCTs) of screening among asymptomatic
persons without known AF or prior stroke; test accuracy studies; RCTs of anticoagulation
among persons with AF; systematic reviews; and observational studies reporting harms.

DATA EXTRACTION AND SYNTHESIS Two reviewers assessed titles/abstracts, full-text articles,
and study quality and extracted data; when at least 3 similar studies were available,
meta-analyses were conducted.

MAIN OUTCOMES AND MEASURES Detection of undiagnosed AF, test accuracy, mortality,
stroke, stroke-related morbidity, and harms.

RESULTS Twenty-six studies (N = 113 784) were included. In 1 RCT (n = 28 768) of twice-daily
electrocardiography (ECG) screening for 2 weeks, the likelihood of a composite end point
(ischemic stroke, hemorrhagic stroke, systemic embolism, all-cause mortality, and
hospitalization for bleeding) was lower in the screened group over 6.9 years (hazard ratio,
0.96 [95% CI, 0.92-1.00]; P = .045), but that study had numerous limitations. In 4 RCTs
(n = 32 491), significantly more AF was detected with intermittent and continuous ECG
screening compared with no screening (risk difference range, 1.0%-4.8%). Treatment with
warfarin over a mean of 1.5 years in populations with clinical, mostly persistent AF was
associated with fewer ischemic strokes (pooled risk ratio [RR], 0.32 [95% CI, 0.20-0.51];
5 RCTs; n = 2415) and lower all-cause mortality (pooled RR, 0.68 [95% CI, 0.50-0.93])
compared with placebo. Treatment with direct oral anticoagulants was also associated with
lower incidence of stroke (adjusted odds ratios range, 0.32-0.44) in indirect comparisons
with placebo. The pooled RR for major bleeding for warfarin compared with placebo was 1.8
(95% CI, 0.85-3.7; 5 RCTs; n = 2415), and the adjusted odds ratio for major bleeding for direct
oral anticoagulants compared with placebo or no treatment ranged from 1.38 to 2.21, but CIs
did not exclude a null effect.

CONCLUSIONS AND RELEVANCE Although screening can detect more cases of unknown AF,
evidence regarding effects on health outcomes is limited. Anticoagulation was associated
with lower risk of first stroke and mortality but with increased risk of major bleeding, although
estimates for this harm are imprecise; no trials assessed benefits and harms of
anticoagulation among screen-detected populations.
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A trial fibrillation (AF) is the most common arrhythmia and
may be symptomatic or asymptomatic.1 Increasing age is
a risk for AF,2 and persons with AF have an increased risk

for thromboembolic stroke and related morbidity and mortality.3 The
treatment for people with symptomatic AF involves rate and rhythm
control; anticoagulation for stroke prevention may also be war-
ranted when benefits outweigh the harms.4,5

The primary rationale for screening for AF is to identify asymp-
tomatic persons before a thromboembolic event occurs. In 2018, the
US Preventive Services Task Force (USPSTF) concluded that the evi-
dence was insufficient to assess the balance of benefits and harms
of screening for AF with electrocardiography (ECG) in older adults
(I statement).6 This updated review evaluated the current evidence on
screening for AF for populations and settings relevant to primary care
in the US to inform an updated recommendation by the USPSTF.

Methods
Scope of the Review
The analytic framework and key questions (KQs) that guided the re-
view are shown in Figure 1. Detailed methods, evidence tables, and
contextual information are available in the full evidence report.7

Data Sources and Searches
PubMed and the Cochrane Library were searched for English-
language articles published from May 1, 2017, through October 5,
2020. ClinicalTrials.gov and the World Health Organization Interna-
tional Clinical Trials Registry Platform were also searched. To supple-
ment systematic electronic searches (eMethods page 1 in the Supple-
ment), reference lists of pertinent articles and studies suggested
by reviewers were searched. Article alerts and targeted searches of
journals to identify major studies published in the interim that may
affect the conclusions or understanding of the evidence and the re-
lated USPSTF recommendation were used as part of ongoing sur-
veillance. The last surveillance was conducted on October 31, 2021.

Study Selection
Two investigators independently reviewed titles, abstracts, and full-
text articles using prespecified inclusion criteria for each KQ (eMethods
page 16 in the Supplement); disagreements were resolved by discus-
sion or by a third reviewer. English-language studies that met all
study selection criteria, were fair or good methodological quality, and
were conducted in countries categorized as very highly developed by
the 2018 United Nations Human Development Index8 were eligible.
Studies included in the prior 2018 review for the USPSTF were reas-
sessed against the study selection and methodological quality crite-
ria for this update. Studies performed in emergency department, in-
patient, and procedural settings were excluded.

For KQ1, KQ2, and KQ4, the focus was on unselected or explic-
itly asymptomatic adults 50 years or older without known AF or his-
tory of prior stroke or transient ischemic attack. For these KQs, ran-
domized clinical trials (RCTs) or nonrandomized controlled
intervention studies of screening (compared with no screening or
nonsystematic screening) that reported health outcomes (KQ1), de-
tection of AF (KQ2), or harms of screening (KQ4) were included. For
screening accuracy (KQ3), case-control studies were excluded be-
cause these designs have a high risk of bias, and studies for which

persons who were symptomatic or who had known AF comprised
the majority of the population were excluded. For KQs 1 through 4,
studies assessing index tests feasible for use in or referable from pri-
mary care including single-point-in-time tests typically conducted
in an office setting (eg, single- or 12-lead ECG, automated heart
rhythm assessment built into oscillometric blood pressure moni-
tors or devices using photoplethysmography such as pulse oxim-
eters), intermittent or continuous ambulatory strategies using ECG
or other technologies, and 2-stage screening approaches were in-
cluded. Pulse palpation and other components of a standard physi-
cal examination (eg, heart auscultation) were not eligible because
the USPSTF considers these usual care. For KQ1 and KQ2, a no-
screening or usual care (which could include pulse palpation) com-
parator was required. For KQ3, studies were required to use 1 of the
following reference tests: 12-lead ECG interpreted by a cardiolo-
gist, continuous ambulatory ECG interpreted by a cardiologist, or im-
plantable cardiac monitor.

For treatment effectiveness (KQ5) and harms (KQ6), RCTs and
nonrandomized controlled intervention studies or systematic re-
views of RCTs comparing anticoagulation with placebo or no treat-
ment that reported health outcomes or harms were included. The
scopes of these KQs were revised for this update to remove anti-
platelet therapy as an eligible treatment because it is no longer stan-
dard practice for primary stroke prevention in AF. For harms (KQ6),
large prospective cohort studies or systematic reviews of prospec-
tive cohort studies were also included.

Data Extraction and Quality Assessment
For each included study, 1 reviewer abstracted relevant study char-
acteristics (ie, population, intervention, comparator) and data for
eligible outcomes into a structured form. A second reviewer checked
all data for completeness and accuracy. Two senior reviewers inde-
pendently assessed each study’s methodological quality using pre-
defined criteria established by the USPSTF (eMethods page 19 in the
Supplement) and others.9,10 Disagreements in study quality rat-
ings were resolved through discussion or by a third senior re-
viewer. Detailed study quality assessments are provided in eTables 1
through 21 in the Supplement.

Data Synthesis and Analysis
Data were synthesized in tabular and narrative forms. When at least
3similarstudieswereavailable,aquantitativesynthesiswasperformed
using random-effects models with the inverse-variance weighted
methodofDerSimonianandLairdinStataversion16(StataCorp)togen-
erate pooled estimates of the relative risk ratio (RR).11 The I2 statistic
was calculated to assess statistical heterogeneity in effects.12,13 Signifi-
cance testing was based on the exclusion of the null value by the 95%
CI around the pooled estimate; all testing was 2-sided.

The strength of evidence was assessed as high, moderate, low,
or insufficient using methods developed for the USPSTF and the
Agency for Healthcare Research and Quality Evidence-based Prac-
tice Center program.14 These methods specify the assessment of
methodological quality of studies, consistency of results between
studies, precision of findings, risk of reporting bias, and limitations
of the body of evidence for each intervention/comparison and ma-
jor outcome of interest. Two senior reviewers independently devel-
oped initial assessments of strength of evidence; disagreements were
resolved through discussion or input of a third senior reviewer.
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Results

Twenty-six studies (N = 113 784) from 33 publications were in-
cluded (Figure 2).4,15-42 Twelve of these studies were new to this
update.33-46 Three RCTs reported on the benefits of screening (KQ1);
8 RCTs reported on the diagnostic yield of screening (KQ2); 9 stud-
ies reported on the accuracy of various screening strategies (KQ3);
4 RCTs and 1 cohort study reported on the harms of screening (KQ4);
5 RCTs and 5 systematic reviews reported on the health benefits of
treatment with anticoagulation (KQ5); and 5 RCTs, 6 systematic re-
views, and 1 cohort study reported on the harms of treatment with
anticoagulation (KQ6). A list of full-text articles screened but ex-
cluded is provided in the Supplement (page 101).

Benefits of Screening
Key Question 1. Does screening for AF with selected tests improve
health outcomes (ie, reduce all-cause mortality, reduce morbidity
or mortality from stroke, or improve quality of life) in asymptom-
atic older adults?
Key Question 1a. Does improvement in health outcomes vary for
subgroups defined by stroke risk, age, sex, or race and ethnicity?

Three RCTs randomized persons to screening vs no screening;
however, only 1 of these studies was designed and powered for evalu-
ating health outcomes.44,45,47 Although the other 2 RCTs were pow-
ered for evaluating differences in the detection of AF (a KQ2 out-
come), they reported a limited amount of information related to
health outcomes, but events were rare.32,43 Findings from these 2
RCTs are reported in eTables 22 through 25 in the Supplement.

The fair-quality STROKESTOP study randomized adults aged 75
or 76 years living in 2 regions of Sweden to an invitation to screen-
ing (n = 14 387) or to a control group that did not receive an invita-
tion to screening (n = 14 381).44,45,47 At baseline, 12.1% of the inter-
vention group and 12.8% of the control group had known AF.44 Of
those invited to screening, 51.3% participated in the screening in-
tervention, which was 2 weeks of twice-daily intermittent single-
lead ECG monitoring with a handheld device for 30 seconds.44,45,47

The intervention was not masked, and outcome ascertainment was
through national health registry data; outcome assessment was not
formally masked, and outcomes were not centrally adjudicated. The
primary outcome was originally specified as ischemic stroke but was
changed by study investigators in 2017 before any data analysis to
a composite end point that included ischemic stroke, hemorrhagic
stroke, systemic embolism, bleeding leading to hospitalization, and

Figure 1. Analytic Framework: Screening for Atrial Fibrillation

Key questions

Does screening for AF with selected tests improve health outcomes (ie, reduce all-cause mortality,
reduce morbidity or mortality from stroke, or improve quality of life) in asymptomatic older adults?
a. Does improvement in health outcomes vary for subgroups defined by stroke risk, age, sex,

or race and ethnicity?

1

What are the benefits of anticoagulation therapy on health outcomes in asymptomatic,
screen-detected older adults with AF?
a. Do the benefits of anticoagulation vary for subgroups defined by stroke or bleeding risk, age, sex,

race and ethnicity, or AF burden (ie, number of episodes, duration of episodes, and proportion of
time spent in AF)?

5

Does systematic screening for AF with selected tests identify older adults with previously
undiagnosed AF more effectively than usual care?

2

What is the accuracy of selected screening tests for diagnosing AF in asymptomatic adults?3

What are the harms of screening for AF with selected tests in older adults?
a. Do the harms of screening vary for subgroups defined by stroke risk, age, sex, or race and ethnicity?

4

What are the harms of anticoagulation therapy in asymptomatic, screen-detected older adults with AF?
a. Do the harms of anticoagulation therapy vary for subgroups defined by stroke risk or bleeding risk,

age, sex, race and ethnicity, or AF burden?

6

Asymptomatic
older adults

All-cause mortality
Stroke
Stroke-related morbidity
and mortality
Quality of life

Health outcomes
2 3

Harms of screening

4

Harms of treatment

6

Screening
Treatment to

prevent stroke

Diagnosis of
atrial fibrillation

1

5

AF indicates atrial fibrillation.
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all-cause mortality. At a median follow-up of 6.9 years, the rate of
composite end point events was significantly lower in the invitation-
to-screening group (5.45 events/100 person-years) compared with
the control group (5.68 events/100 person-years) with an unad-
justed hazard ratio (HR) of 0.96 (95% CI, 0.92-1.00; P = .045).44 No
significant differences were observed between the invitation-to-
screening group and the control group for any of the individual out-
comes contributing to the composite end point (eTable 25 in the
Supplement).44 No findings were reported for the subgroup of par-
ticipants without known AF at baseline.

Detection of AF
Key Question 2. Does systematic screening for AF with selected tests
identify older adults with previously undiagnosed AF more effec-
tively than usual care?

Eight fair-quality RCTs in 14 articles (n = 86 590) were
included15-19,29,32,33,36,41,43-45,47; 5 RCTs were new to this
update.33,36,41,43-45,47 Study, population, and intervention character-
istics are reported in Table 1, with detailed characteristics reported in
eTables 22 through 24 in the Supplement. Six trials32,33,36,41,43-45,47

compared ECG screening with no screening, 1 trial29 compared ECG
screening with pulse palpation chart reminders, and 1 trial15-19 com-
pared both. Four trials15-19,29,36,41 used a 1-time approach to screening
(eg, single-lead ECG during an office visit), 2 trials evaluated intermit-
tent screening with a handheld ECG twice daily for 2 weeks44,45,47 or
for 1 year,32 and 2 trials33,43 used 2 rounds of a continuous patch ECG
patch for 2 weeks; 1 of these trials also included twice-daily blood pres-
sure screening with automated AF detection.32,43

Across studies, the detection of previously unknown AF was re-
ported at 4 to 12 months of follow-up. Findings are summarized in
Figure 3 and in eTable 25 in the Supplement. Screening identified
numerically more cases of AF compared with no screening in the 3
cluster-randomized trials using 1-time approaches to screening com-
pared with no screening (absolute risk difference range, 0.06-
0.60 percentage points; RR range, 1.04-1.58)15-19,36,41; however, this
difference was statistically significant only in the Screening for Atrial
Fibrillation in the Elderly (SAFE) trial (n = 14 802).15-19 In 2 of these
trials, only 10.7%36 and 44.5%41 of eligible participants at interven-
tion practices received the screening test. Detection of previously
unknown AF was significantly higher in the 4 trials comparing inter-
mittent or continuous ECG screening approaches with no screen-
ing, with absolute risk differences ranging from 1.0% to 4.8% and
RRs ranging from 1.1 to 11.2.32,33,43-45,47 Intervention fidelity ranged
from 51.3% to 74.0% in the intermittent screening trials and from
65.0% to 79.0% in the continuous screening trials.15,29,32,33

Accuracy of Screening Tests
Key Question 3. What is the accuracy of selected screening tests for
diagnosing AF in asymptomatic adults?

Nine studies published in 13 articles15,34,37-43 (n = 4978) re-
ported on the accuracy of primary care–feasible screening tests;
population, index test, and reference test characteristics are sum-
marized in Table 2, with details reported in eTables 26 through 28
in the Supplement. All are new to this update because this KQ was
not included in the previous report.

The sensitivity and specificity of various screening tests varied and
are summarized in Table 3, with details reported in eTable 29 in the
Supplement. The 1 study43 using a continuous ECG reference stan-

dard reported a lower sensitivity (0.35) compared with the studies that
used a 1-time 12-lead ECG interpreted by a cardiologist, likely a result
of increased detection of paroxysmal AF. In a population of 1000 per-
sons with a prevalence of undiagnosed AF of 1.3%,7 there would be
between 4 and 13 true-positive test results, 0 to 237 false-positive re-
sults, 0 to 9 false-negative results, and 750 to 987 true-negative re-
sults based on extrapolation of the accuracy data reported by in-
cluded studies.

Harms of Screening
Key Question 4. What are the harms of screening for AF with se-
lected tests in older adults?
Key Question 4a. Do the harms of screening vary for subgroups de-
fined by stroke risk, age, sex, or race and ethnicity?

Four RCTs (SAFE,15-19 SCREEN-AF,43 STROKESTOP,45,47,48 and
mHealth Screening to Prevent Strokes [mSToPS]33) reported harms
of screening; all were described in the KQ1 and KQ2 sections of this
article and are included in Table 1. SAFE15-19 was included in the prior
review for the USPSTF; the rest are new to this update. The mSToPS
RCT also included a prospective cohort component that reported
relevant outcomes.33 Detailed study characteristics and results are
reported in eTables 30 and 31 in the Supplement.

SAFE reported no difference in anxiety scores between those
screened with ECG compared with pulse palpation reminders.15-19 In
STROKESTOP, the rate of hemorrhagic stroke was 0.16 events per 100
person-years in the invitation-to-screening group compared with 0.18
in the control group (HR, 0.88 [95% CI, 0.70-1.11]).44 The rate of hos-
pitalization for major bleeding was 1.71 events per 100 person-years
in the invitation-to-screening group, compared with 1.74 in the con-
trol group (HR, 0.98 [95% CI, 0.91-1.06]). In SCREEN-AF, authors re-
ported 0 intracranial hemorrhages.43 The 2 RCTs evaluating continu-
ous patch ECG screening reported an incidence of skin irritation
ranging from 1.2% to 1.5%33,43 and an incidence of non-AF arrhyth-
mias ranging from 0% to 3.9% depending on the arrhythmia, al-
though the clinical consequences of this detection are not known. In
the mSToPS cohort study (n = 5214), the frequency of initiation of an-
ticoagulation, antiarrhythmics, and procedures was higher among the
cohort that got screened compared with the matched cohort that did
not get screened. In the SCREEN-AF trial, no statistically significant
differences were reported for emergency department visits, hospi-
talizations, or pacemaker implantations, although all of these events
were rare in both the screening and control groups.43 No studies re-
ported on variation in harms by subgroups.

Benefits of Anticoagulation
Key Question 5. What are the benefits of anticoagulation therapy
on health outcomes in asymptomatic, screen-detected older adults
with AF?
Key Question 5a. Do the benefits of anticoagulation vary for sub-
groups defined by stroke or bleeding risk, age, sex, race and ethnic-
ity, or AF burden (ie, number of episodes, duration of episodes, and
proportion of time spent in AF)?

Although the aim of this KQ was to determine the benefits of
treatment in screen-detected older adults with AF, no trials or sys-
tematic reviews that focused solely on this population were iden-
tified. Five fair-quality RCTs of anticoagulation in persons with clini-
cally detected AF were identified21-26; none were new to this update.
Most study participants had long-standing, persistent AF; few had
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Table 2. Characteristics of Included Test Accuracy Studies (Key Question 3)

Study, source

Recruitment
setting
(total No.) Inclusion criteria

Age,
mean (SD), y

Female,
No. (%) Index test(s) Reference test(s)

Study
quality

Himmelreich
et al,37 2019

10 General
practices in the
Netherlands
(106)

Age ≥18 y with
12-lead ECG
ordered for
nonacute
indications

69.3 (10.7) 62 (58) Single-lead, handheld ECG
(KardiaMobile) with
automated AF detection
during an office visita

12-Lead ECG
independently interpreted
by 2 cardiologists

Good

SAFE
Hobbs et al,15

2005

25 General
practices in the
UK (1452)

Age ≥65 y 75.3 (7.2)b 8500 (57.4) (1) General
practitioner–interpreted
12-lead ECG
(2) General
practitioner–interpreted
limb-lead II ECG
(3) General
practitioner–interpreted
thoracic-lead ECG

12-Lead ECG
independently interpreted
by 2 cardiologists

Good

Kearley et al,38

2014
6 General
practices in the
UK (999)

Age ≥75 y 79.7 (NR) 507 (50.7)c (1) Modified oscillometric
BP monitor (Microlife
WatchBP) with automated
AF detection during an
office visitd

(2) Single-lead ECG
(OMRON model HCG-801)
with and without
automated AF detection
during an office visite

12-Lead ECG interpreted
by 2 cardiologists

Fair

Marazzi et al,40

2012
Hypertension
clinic in Italy
(383)

None specified 67 (10.5) 230 (46) (1) Oscillometric BP
monitor (Microlife BP A200
Plus) with automated AF
detection during an office
visit
(2) Oscillometric BP
monitor (OMRON M6) with
automated AF detection
during an office visit

12-Lead ECG interpreted
by cardiologist

Good

Philippsen
et al,34 2017

Diabetes and
cardiology
outpatient clinics
in Denmark (82)

Age ≥65 y and
treatment for
diabetes and
hypertension with
stable medications

71 (4) 30 (37)c 2-Channel, 72-hour Holter
monitor adjudicated by 2
cardiologists
AF defined as at least 1
episode lasting ≥30 s

Continuous ECG with an
insertable cardiac monitor
(median, 588 d), with AF
defined as at least 1
episode lasting ≥2 min

Good

Sabar et al,42

2019
Outpatient
hospital
cardiology clinic
(632)

Age ≥18 y
attending
outpatient
cardiology for
routine 12-lead
ECGs or other
appointments

66 (range
18-97)

384 (51) 6-lead ECG (RhythmPad,
Cadiocity) with automated
detection during an
office visit

12-Lead ECG
independently interpreted
by 2 cardiologists

Fair

Uittenbogaart
et al,41 2020

96 Primary care
practices in the
Netherlands
(742)

Age ≥65 y 75b NR (53.4)b Combined approach that
included pulse palpation,
oscillometric blood
pressure monitor with
automated AF detection
(WatchBP Home A,
Microlife), and single-lead
handheld ECG
(MyDiagnostick)

12-Lead ECG interpreted
by cardiologists (only 10%
random sample of
participants with negative
index test results received
reference test)

Fair

Wiesel et al,39

2014
2 Outpatient
cardiology clinics
in the US (148)

Age ≥50 y 74 (NR) 75 (41)c (1) Oscillometric blood
pressure monitor (OMRON
M6 Comfort) with
automated irregular
rhythm detection during an
office visit
(2) Oscillometric blood
pressure monitor (Microlife
BP A 200) with automated
AF detection during an
office visitf

12-Lead ECG interpreted
by a cardiologist

Fair

Abbreviations: AF, atrial fibrillation; BP, blood pressure; ECG, electrocardiograph;
KQ, key question; NR, not reported; SAFE, Screening for Atrial Fibrillation
in the Elderly.
a Rhythms classified by algorithm as AF, normal, unreadable, or no classification.

For this analysis, screening was considered positive for any “possible AF”
tracings and was considered negative for all other tracings. The AF
classification refers to both atrial fibrillation and atrial flutter.

b For entire study population; not all study participants from the trial were
included in the KQ3 analyses.

c Calculated value.
d Inconclusive results treated as “positive.”
e “Analysis impossible” and “inconclusive results” were counted as positive

test results.
f Test result is considered positive if at least 2 of the 3 readings are positive for AF.
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a history of transient ischemic attack or stroke (<8%). All trials evalu-
ated titrated doses of warfarin. Study characteristics are detailed in
eTables 32 and 33 in the Supplement.

In pooled analysis of the 5 RCTs (n = 2145), warfarin treatment
over a mean of 1.5 years was significantly associated with reduc-
tions in all-cause mortality (pooled RR, 0.68 [95% CI, 0.50-0.93];
I2 = 0%), ischemic stroke (pooled RR, 0.32 [95% CI, 0.20-0.51];
I2 = 0%), and moderately to severely disabling stroke (pooled RR,
0.38 [95% CI, 0.19-0.78]; I2 = 0%), compared with controls
(Figure 4). For a population with a baseline annual stroke risk of 4%,
such as patients with CHA2DS2-VASc scores of 3 or 4, warfarin would
be associated with a number needed to treat of 24 (95% CI, 17-36)
to prevent 1 ischemic stroke over 1.5 years. Individual study results
are detailed in eTable 34 in the Supplement.

Results of 5 previously included systematic reviews (including
2 individual patient data meta-analyses) evaluating warfarin com-
pared with placebo or control were consistent with the findings from
the pooled analysis of included studies and are summarized in
eTables 13 and 36 in the Supplement.4,20,28,30,31 Authors of a net-
work meta-analysis of 21 RCTs (n = 96 017) reported statistically sig-
nificant associations for reductions in stroke or systemic embolism
and all-cause mortality for 4 direct oral anticoagulants compared with
placebo (adjusted odds ratios ranged from 0.32 to 0.44; eTable 36
in the Supplement).30

With respect to subgroup findings, an individual patient data
meta-analysis31 reported lower stroke risk with warfarin in male pa-
tients (relative risk reduction, 60% [95% CI, 35%-76%]) and in fe-
male patients (relative risk reduction, 84% [95% CI, 55%-95%]), but
the difference between male and female patients was not statisti-
cally significant.31 In another individual patient data meta-analysis,20

warfarin was associated with reduced risk for ischemic stroke for all
ages, with no statistically significant interaction with increasing age.20

Harms of Anticoagulation
Key Question 6. What are the harms of anticoagulation therapy in
asymptomatic, screen-detected older adults with AF?
Key Question 6a. Do the harms of anticoagulation therapy vary for
subgroups defined by stroke risk or bleeding risk, age, sex, race and
ethnicity, or AF burden?

Although the aim was to determine the harms of anticoagula-
tion treatment for screen-detected older adults with AF, no trials or
systematic reviews that focused solely on this population were iden-
tified. The same 5 RCTs included for KQ5 also reported on harms of
anticoagulation.21-26 One new observational study (n = 28 628) was
identified for this update; the Global Anticoagulant Registry in the
Field-Atrial Fibrillation (GARFIELD-AF) study is a fair-quality, ongo-
ing prospective registry of persons with newly diagnosed AF from
more than 1000 primary and specialty care clinics in 32 countries.35

Table 3. Results From Included Test Accuracy Studies (Key Question 3)

Source Device/method
Sensitivity
(95% CI)

Specificity
(95% CI)

Results per 1000 tests
(1.3% prevalence of AF)

False-negative False-positive
Oscillometric BP monitor with automated AF detection
vs 12-lead ECG interpreted by cardiologist
Kearley et al,38 2014 Microlife Watch

BP Home A
0.95 (0.88-0.99) 0.90 (0.88-0.92) 1 99

Marazzi et al,40 2012 Microlife BP A200 0.92 (NR) Calculated: 0.95 1 49

Study reported:
0.97(NR)

Marazzi et al,40 2012 OMRON M6 1.0 (NR) 0.94 (NR) 0 59

Wiesel et al,39 2014 Microlife BP A200 1.0 (0.86-1.0)a 0.92 (0.86-0.96) 0 79

Wiesel et al,39 2014 OMRON M6 0.30 (0.15-0.49)a 0.97 (0.93-0.99) 9 30

Single-lead ECG with automated AF detection
vs 12-lead ECG interpreted by cardiologist
Himmelreich et al,37 2019 KardiaMobile 0.88 (0.47-1.0) 1.0 (0.96-1.0) 2 0

Kearley et al,38 2014 OMRON 0.99 (0.93-1.0) 0.76 (0.73-0.79) <1 237

6-lead ECG with automated AF detection
vs 12-lead ECG interpreted by cardiologist
Sabar et al,42 2019 6-Lead ECG 0.95 (NR) 0.99 (NR) 1 10

General practitioner–interpreted ECG
vs 12-lead ECG interpreted by cardiologist
SAFE,15 2005 12-lead ECG 0.80 (0.71-0.87) 0.92 (0.90-0.93) 3 79

Single limb lead 0.83 (0.75-0.88) 0.88 (0.87-0.90) 2 118

Single thoracic lead 0.85 (0.79-0.91) 0.86 (0.84-0.88) 2 138

Combined pulse palpation, oscillometric BP,
and single-lead ECG both with automated AF detection
vs 12-lead ECG interpreted by cardiologist
D2AF,41 2020 MyDiagnostick device

and MIcrolife Watch
BP Home A

NDb NDb NDb NDb

72-h continuous Holter monitoring
vs continuous ECG monitoring with
insertable cardiac monitor over median 588 dc

Philippsen et al,34 2017 Calculated: 0.12 Calculated: 1 NA NA

Abbreviations: AF, atrial fibrillation;
BP, blood pressure; D2AF, Detecting
and Diagnosing Atrial Fibrillation;
ECG, electrocardiograph; KQ, key
question; NA, not available; ND, not
determinable; NR, not reported;
SAFE, Screening for Atrial Fibrillation
in the Elderly.
a The author of this study disclosed

holding a patent for the AF
detection algorithm present in the
Microlife BP device; the sensitivity
of the OMRON oscillometric device
was markedly lower in this study
when compared with the estimate
for Microlife and when compared
with the OMRON device reported in
the study by Marazzi et al.40

b The study only performed a 12-lead
referent test on a random sample of
participants who tested negative on
the index screening test; thus, data
to determine sensitivity and
specificity were not available.
However, based on data reported,
the positive predictive value is 6%
and the negative predictive value is
100%, suggesting a test with very
high sensitivity but poor specificity.

c Holter monitoring occurred
approximately 1 month after
placement of implantable cardiac
monitor. When limited to the same
72-hour monitoring window,
sensitivity was 1.0.
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Figure 4. Benefits and Harms of Warfarin for Stroke Prevention Compared With Placebo or Control

Favors
intervention

Favors
control

Mean
follow-up, y

Target
INR range

Control
Events,
No.

No events,
No.

Intervention
Events,
No.

No events,
No.Source

All−cause mortalitya
Risk ratio (95% CI)

1.2 2.8 to 4.2 2820 308315AFASAK I,26 1989 0.72 (0.41-1.25)
2.2 1.5 to 2.7 2611 182201BATAAF,24 1990 0.42 (0.21-0.82)
1.3 2.0 to 4.5 86 203204SPAF I,22 1991 0.75 (0.27-2.13)
1.3 2.0 to 3.0 810 183177CAFA,23 1991 1.28 (0.52-3.16)
1.7 1.4 to 2.8 2215 243245SPINAF,21 1992 0.69 (0.37-1.31)

Subtotal: I2 = 0.0%; P = .41 0.68 (0.50-0.93)
Cardiovascular-related mortality

1.2 2.8 to 4.2 194 317331AFASAK I,26 1989 0.21 (0.07-0.61)
2.2 1.5 to 2.7 137 195205BATAAF,24 1990 0.53 (0.22-1.30)
1.3 2.0 to 4.5 74 204206SPAF I,22 1991 0.57 (0.17-1.93)
1.3 2.0 to 3.0 69 185178CAFA,23 1991 1.53 (0.56-4.22)
1.7 1.4 to 2.8 78 258252SPINAF,21 1992 1.16 (0.43-3.17)

Subtotal: I2 = 53.7%; P = .07 0.66 (0.33-1.29)
All ischemic stroke

1.2 2.8 to 4.2 164 320331AFASAK I,26 1989 0.25 (0.08-0.74)
2.2 1.5 to 2.7 132 195210BATAAF,24 1990 0.15 (0.03-0.66)
1.3 2.0 to 4.5 176 194204SPAF I,22 1991 0.35 (0.14-0.88)
1.3 2.0 to 3.0 96 182181CAFA,23 1991 0.68 (0.25-1.88)
1.7 1.4 to 2.8 194 246256SPINAF,21 1992 0.21 (0.07-0.62)

Subtotal: I2 = 0.0%; P = .41 0.32 (0.20-0.51)
Moderately to severely disabling stroke

1.2 2.8 to 4.2 74 329331AFASAK I,26 1989 0.57 (0.17-1.94)
2.2 1.5 to 2.7 82 200210BATAAF,24 1990 0.25 (0.05-1.14)
1.3 2.0 to 4.5 72 204208SPAF I,22 1991 0.29 (0.06-1.37)
1.3 2.0 to 3.0 42 187185CAFA,23 1991 0.51 (0.09-2.75)
1.7 1.4 to 2.8 20 263260SPINAF,21 1992 0.20 (0.01-4.23)

Subtotal: I2 = 0.0%; P = .88 0.38 (0.19-0.78)
All ischemic stroke or intracranial hemorrhage

1.2 2.8 to 4.2 165 320330AFASAK I,26 1989 0.31 (0.12-0.85)
2.2 1.5 to 2.7 133 195209BATAAF,24 1990 0.23 (0.07-0.78)
1.3 2.0 to 4.5 198 192202SPAF I,22 1991 0.42 (0.19-0.94)
1.3 2.0 to 3.0 97 182180CAFA,23 1991 0.79 (0.30-2.09)
1.7 1.4 to 2.8 195 246255SPINAF,21 1992 0.27 (0.10-0.71)

Subtotal: I2 = 0.0%; P = .45 0.38 (0.25-0.59)
Major bleedingb

1.2 2.8 to 4.2 01 336334AFASAK I,26 1989 3.01 (0.12-73.60)
2.2 1.5 to 2.7 12 207210BATAAF,24 1990 1.96 (0.18-21.48)
1.3 2.0 to 4.5 44 207206SPAF I,22 1991 1.00 (0.25-3.96)
1.3 2.0 to 3.0 26 189181CAFA,23 1991 3.06 (0.63-14.99)
1.7 1.4 to 2.8 47 261253SPINAF,21 1992 1.78 (0.53-6.02)

Subtotal: I2 = 0.0%; P = .87 1.76 (0.85-3.66)
Major extracranial bleeding

2.2 1.5 to 2.7 11 207211BATAAF,24 1990 0.98 (0.06-15.58)
1.3 2.0 to 4.5 22 209208SPAF I,22 1991 1.00 (0.14-7.07)
1.3 2.0 to 3.0 25 189182CAFA,23 1991 2.55 (0.50-13.00)
1.7 1.4 to 2.8 46 261254SPINAF,21 1992 1.53 (0.44-5.36)

Subtotal: I2 = 0.0%; P = .88 1.56 (0.67-3.62)
Intracranial hemorrhagec

1.2 2.8 to 4.2 01 336334AFASAK I,26 1989 3.01 (0.12-73.60)
2.2 1.5 to 2.7 01 208211BATAAF,24 1990 2.94 (0.12-71.85)
1.3 2.0 to 4.5 22 209208SPAF I,22 1991 1.00 (0.14-7.07)
1.3 2.0 to 3.0 01 191186CAFA,23 1991 3.06 (0.13-74.74)
1.7 1.4 to 2.8 01 265259SPINAF,21 1992 3.06 (0.13-74.71)

Subtotal: I2 = 0.0%; P = .95 1.94 (0.56-6.68)

0.01 101 800.1

Risk ratio (95% CI)

a SPINAF includes only those without history of stroke. AFASAK includes data from a
published meta-analysis obtained from the original study authors. bAFASAK did not
specify severity of most bleeding events; it reported 1 fatal intracerebral hemorrhage
in the warfarin group and only reported bleeding events leading to withdrawal from
study (warfarin, 21; placebo, 0). BAATAF defines major bleeding as intracranial
bleeding, fatal bleeding, or bleeding that led to transfusion (�4 units within 48 h);

SPAF I, as bleeding that involved the central nervous system, management
requiring hospitalization with transfusion and/or surgery, or permanent residual
impairment; CAFA, as life-threatening bleeding; SPINAF, as bleeding that required
transfusion, emergency procedure, or removal of a hematoma or that led to ICU
admission.c SPAFIincluded1fatal intracerebralhemorrhageand1subduralhematoma
with full recovery (warfarin) and 2 subdural hematomas with full recovery (placebo).
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In a pooled analysis of the 5 RCTs (2415 participants), major
bleeding events occurred in 20 participants from the warfarin groups
and 11 participants from the placebo/control groups over 1.5 years
(pooled RR, 1.8 [95% CI, 0.85-3.70]; I2 = 0%). Additional bleeding
outcomes are reported in Figure 4 and in eTable 35 in the Supple-
ment. Results of 6 previously included systematic reviews were con-
sistent with the findings from the analysis of the primary studies and
are summarized in eTable 36 in the Supplement.4,20,27,28,30,31 Au-
thors of the previously described network meta-analysis of 21 RCTs
(n = 96 017) reported adjusted odds ratios for major bleeding rang-
ing from 1.38 to 2.21 in indirect comparisons of 4 direct oral antico-
agulants compared with placebo; the CIs around these estimates
were wide, and findings were not statistically significant (eTable 36
in the Supplement).30

In the GARFIELD-AF observational study, the adjusted HR for
first occurrence of major bleeding was 1.73 (95% CI, 1.33-2.25) for
participants receiving any anticoagulation treatment (warfarin, di-
rect oral anticoagulant, antiplatelets, or combination), compared with
participants receiving no treatment (eTable 35 in the Supplement).35

With respect to subgroups, an individual patient data
meta-analysis31 reported a higher mean age for patients with intra-
cranial hemorrhage (73 years) compared with those without bleed-
ing (69 years), but bleeding events were rare, and this difference
was not statistically significant.31 The other individual patient data
meta-analyis20 reported that no statistical interaction between age
and risk of serious hemorrhage associated with warfarin was found.20

Discussion
ThisupdatedevidencereviewexaminedscreeningforAFinolderadults
without a history of stroke; the evidence is summarized in Table 4.

STROKESTOP is the only included trial of screening that was de-
signed and powered to evaluate health outcomes.44,45,47 Authors
reported a small but statistically significant difference favoring the
screening group in the intention-to-treat analysis using a compos-
ite end point that included both benefit and harm outcomes, de-
spite uptake of screening by only 51% of those randomized to the
invitation to screening. However, this study had numerous limita-
tions; the outcomes evaluated were diagnosed through routine clini-
cal care, without formal masking, and were not based on standard
diagnostic criteria with central, blinded adjudication. Whether ben-
efit and harm end points should be combined into a “net benefit”
composite is an area of debate and violates assumptions recom-
mended for composite end points.49-51 This study enrolled per-
sons with known AF, many of whom were already taking oral anti-
coagulants, limiting applicability to screening among persons without
known AF. The other 2 studies reporting health outcomes from
screening compared with no screening were not powered for such
outcomes; events were rare or absent in these studies. The poten-
tial for reporting bias is also present because 1 of the studies report-
ing KQ2 outcomes designated major cardiovascular events and all-
cause mortality as secondary outcomes, but these have not been
reported.36 Several ongoing studies comparing screening with no
screening may provide additional evidence for this KQ in the future
(eTable 37 in the Supplement).

Screening with intermittent or continuous ECG can identify more
cases of AF compared with no screening. When 1-time ECG screen-

ing was compared with pulse palpation reminders, no significant dif-
ference in cases identified was observed. The variation in sensitivity
and specificity of various 1-time screening strategies based on ECG or
oscillometric blood pressure monitor with automated AF detection
may be the result of differences in the underlying populations tested,
differences in thresholds used for defining positive index or refer-
ence tests, or the fidelity with which screening was conducted. The
clinical importance of this variation is uncertain. Given the relatively
low prevalence of undiagnosed AF, 1-time spot screening will gener-
ate more false-positive results relative to true-positives and relative
to false-negatives. Estimates of these results across various AF preva-
lences are provided in eTable 38 in the Supplement.

For harms of screening, 1 RCT reported that anxiety was not sig-
nificantly different between participants who received ECG screen-
ing and participants whose clinicians received pulse palpation re-
minders, but a direct comparison of screened with not screened
participants was not reported. Data from SCREEN-AF and STROKE-
STOP suggested no increased risk of serious bleeding events, in-
cluding hemorrhagic stroke, but such events were rare, and esti-
mates were imprecise, precluding a definitive conclusion about
bleeding harms from screening. Although this review identified evi-
dence to estimate the potential number of screening tests with in-
accurate results (ie, false-positive and false-negative results), evi-
dence is limited with respect to the consequences of those inaccurate
screening results. Potential harms could result from unnecessary
stress tests and angiographies initiated to follow up on ECG abnor-
malities later determined to be false-positives or unnecessary treat-
ment resulting from overdiagnosis. A study using a database from
a US hospital that evaluated 2298 ECGs (from 1085 patients) with
a computerized interpretation of AF found that ECGs from 382 pa-
tients (35%) had been misinterpreted; physicians did not correct the
computerized misinterpretation and initiated inappropriate and po-
tentially harmful treatments, and they pursued unnecessary addi-
tional testing for 92 patients (9%).52 However, potential benefits
could result from appropriate care provided for medically action-
able findings other than AF (eg, high-degree atrioventricular block,
ventricular tachycardia).

Among trials enrolling persons with clinical AF without a prior
history of stroke, consistent evidence suggests that the risk for stroke
and all-cause mortality is reduced with anticoagulation compared
with placebo or control. The same body of evidence suggests a pos-
sible increased risk for major bleeding, but estimates are impre-
cise. It is uncertain whether the benefits and harms of treatment are
applicable to screen-detected populations, particularly persons with
brief episodes of AF.

Limitations
This review has several limitations. First, it was restricted to fair- or
good-quality studies conducted in very highly developed countries
and published in English. Second, it did not consider screening ap-
proaches that are not feasible in or referrable from primary care.
Third, non-AF findings resulting from screening were considered
harms (eg, because treatment and procedures have inherent disu-
tility, inconvenience, and costs and may be harmful in the setting of
false-positive screening results and overdiagnosis). However, treat-
ment offered for medically actionable non-AF findings may pro-
vide benefit for some persons. Fourth, the comparative effective-
ness of anticoagulation treatments was not evaluated.
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Conclusions

Although screening can detect more cases of previously un-
known AF, evidence regarding effects on health outcomes is lim-

ited. Anticoagulation was associated with lower risk of first stroke
and mortality but with increased risk of major bleeding, al-
though estimates for this harm are imprecise; no trials assessed
benefits and harms of anticoagulation among screen-detected
populations.
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