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Aims

Methods
and results

Atrial fibrillation (AF) is prevalent, undiagnosed in approximately one-third of cases, and is associated with severe complica-
tions. Guidelines recommend screening individuals at increased risk of stroke. This report evaluated the digital recruitment
procedure and compliance with the follow-up recommendations in participants with screen-detected AF in the Norwegian
Atrial Fibrillation self-screening pilot study.

Norwegians >65 years were invited through Facebooks posts, web pages, and newspapers to participate in the study.
Targeted Facebook posts promoted over 11 days reached 84 208 users and 10 582 visitors to the study homepage. This
accounted for 51% of the total homepage visitors (n = 20 704). A total of 2118 (10%) of the homepage visitors provided
digital consent to participate after they met the inclusion criteria. The mean (standard deviation) age of the participants
was 70 (4) years, and the majority [n = 1569 (74%)] were women. A total of 1849 (87%) participants completed the elec-
trocardiogram self-screening test, identifying AF in 41 (2.2%) individuals. Of these, 39 (95%) participants consulted a general
practitioner, and 34 (83%) participants initiated anticoagulation therapy.

Digital recruitment and inclusion in digital AF screening with a high rate of initiation of anticoagulation therapy in AF positive
screening cases are feasible. However, digital recruitment and inclusion may introduce selection bias with regard to age and
gender. Larger studies are needed to determine the efficacy and cost-effectiveness of a fully digital AF screening.

Trial registration Ciinjcal trials: NCT04700865
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Graphical Abstract
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DIGITAL RECRUITMENT AND COMPLIANCE TO TREATMENT RECOMMENDATIONS
The Norwegian Atrial Fibrillation Self-Screening Pilot Study
Aims: To evaluate the digital invitation and the recruitment procedure in an atrial fibrillation (AF) screening trial,
and to evaluate the compliance with the follow-up recommendations in study participants with screen-detected AF.
/Digital recruitment\ / Digital screening \ / Compliance to \
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Conclusions: Digital invitation, recruitment and follow-up in a fully digital AF self-screening procedure and initiating
anticoagulation therapy in AF-positive cases is feasible. Facebook posts were the most effective recruitment method.
\ Digital recruitment and inclusion may introduce selection biases regarding age and gender.
. J
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Introduction Methods

Atrial fibrillation (AF) is the most common sustained arrhythmia
worldwide."™ Atrial fibrillation is associated with significant mor-
tality, morbidity, and health care costs." One-third of AF cases
may go undiagnosed due to its subclinical or asymptomatic na-
ture.* The European Society of Cardiology recommends oppor-
tunistic screening for AF in individuals at increased risk of stroke
due to the proved efficacy of anticoagulation therapy in stroke
|:>r‘evention.4

Several trials have demonstrated an increased detection rate of AF
through screening, but conventional AF screening may be time- and
resource-intensive.>° A digital approach may shorten recruitment
time, increase protocol adherence, and ensure representative sampling
of study participants. Recently, we reported excellent feasibility of a
fully digital self-screening procedure for AF by a patch electrocardio-
gram (ECG) device in the Norwegian Atrial Fibrillation self-screening
pilot study.9 However, the utility of digital screening for AF depends
on several factors, including the efficacy of the recruitment process
and the adherence to treatment advice among those with screen-
detected AF."°

In this report, we evaluated the digital recruitment procedure and
the compliance with the follow-up recommendations in participants di-
agnosed with AF in the Norwegian Atrial Fibrillation self-screening pilot
study.

Study design
The Norwegian Atrial Fibrillation self-screening pilot study was a fully digital,

prospective cohort study conducted at Sorlandet Hospital Arendal,
Norway, between 1 January 2021 and 6 June 2022.°

Study population

Men and women >65 years from the general population of Norway (inha-
bitants >65 years per 01.01.2021: 965 742), with at least one additional risk
factor for stroke according to the congestive heart failure, hypertension, age
>75 (doubled), diabetes, stroke (doubled), vascular disease, age 65-74 and
sex category (female) (CHA,DS,-VASc) risk score (heart failure, hyperten-
sion, age >75 years, diabetes mellitus, previous stroke/transient ischaemic
attack‘,‘ vascular disease, female gender) were invited to participate in the
study.

Recruitment

Potential participants were openly invited to visit the study homepage after
study promotion in newspapers, radio, at the web page of the local hospital,
and through Facebook posts (targeting men and women >65 years residing
in Norway). Information about the study and access to a digital inclusion/ex-
clusion test were available on the study homepage. The inclusion/exclusion
test was based on the CHA,DS,-VASc risk score (Figure 7). Individuals who
self-reported a history of AF or no access to a smartphone were excluded.
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self-screening pilot study

Figure 1 Inclusion/exclusion criteria in the Norwegian Atrial Fibrillation self-screening pilot study.

Individuals passing the inclusion/exclusion test (i.e. CHA2DS2-VASc score
>2 and no exclusion criteria) were forwarded to sign a digital consent
for study participation using the Norwegian BankIlD system. BankID
(www.bankid.no) is a personal electronic identification method designed
for secure online authentication and digital signing. BankID is generally avail-
able and is used for all digital communication with public authorities in
Norway. Participants self-reported their baseline characteristics, symp-
toms, and medication use in a digital questionnaire. Google Analytics iden-
tified unique users visiting the study’s homepage, while Facebook Metrics
tracked unique users interacting with the Facebook posts. In both instances,
unique users were identified based on their internet protocol (IP) addresses
and types of devices.

The electrocardiogram self-screening test

All included participants received an ECG247 Smart Heart Sensor by post.
ECG247 Smart Heart Sensor (Appsens AS, Lillesand, Norway, www.

ecg247.com) is a reusable, single-lead, wireless, and patch ECG sensor."’
The ECG screening tests were performed at home by the participants
guided by instructions in the smartphone application. Video instructions
were available at the manufacturer’s homepage (www.ecg247.com) and
phone support was available from the study centre. A minimum test period
of 3 days was recommended. A cardiology resident assessed all test results
remotely, and all participants received a digital report in the ECG247 appli-
cation. An external independent Data Monitoring Committee verified all
arrhythmias.

Follow-up of participants with atrial

fibrillation

All participants diagnosed with AF received information about the diagnosis
via a personal phone call in addition to the digital report in the ECG247 ap-
plication. Participants with diagnosed AF were strongly advised to contact


https://www.bankid.no
https://www.ecg247.com
https://www.ecg247.com
https://www.ecg247.com
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their general practitioner (GP) for further diagnostic assessment and treat-
ment. Anticoagulation therapy was recommended in participants with AF.
All participants with diagnosed AF received a digital questionnaire regarding
assessment and treatment 3—6 months after the screening procedure.

Outcomes

The reported outcomes were: (i) the effectiveness of the open digital re-
cruitment of study participants and (i) the compliance with the follow-up
recommendations in participants diagnosed with AF. The effectiveness of
the recruitment process was defined as: (i) the proportion of reached
Facebook users who visited the study homepage, (ii) the proportion of
study homepage visitors who performed the inclusion/exclusion test, and
(i) the proportion of eligible individuals who signed digital consent for study
participation. Compliance with follow-up recommendations was defined as:
(i) the proportion of AF positive study participants who counselled a GP
and (i) the proportion of AF positive study participants who initiated antic-
oagulation therapy.

Statistics

Continuous variables are presented as mean (standard deviation, SD) or
median (interquartile range, IQR) and differences between groups were
analysed using Mann—Whitney non-parametric test. Categorical variables
are presented as numbers and percentages. A P-value of <0.05 was re-
garded statistically significant. The analyses were performed using STATA,
version 17 (StataCorp, College Station, TX, USA).

Patient and public involvement

A user representative was consulted in the preparation of the study proto-
col, and feedback from participants was used to adjust the study procedure
within the protocol frames.

Ethics

The study was approved by the Regional Committee for Medical and Health
Research Ethics (REK 147963). All participants signed informed consent for
study participation.
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Results

Recruitment

Two Facebook posts targeting Norwegians >65 years promoted over
11 days in total reached 84 208 unique users, corresponding to 8.7% of
the total population >65 years. Each user was exposed to these posts
2.5 times on average, resulting in 186 540 total exposures. Of these ex-
posures, 140 001 (75%) targeted women, 44 254 (24%) targeted men,
and 2285 (1%) targeted users with uncategorized gender. The
Facebook exposures resulted in 10582 (13%) click-throughs to the
study homepage. Women accounted for 7986 (75%) and men for
2428 (23.7%) of the click-throughs. Gender was not identified in 168
(1.3%) users. The click-through rate from the targeted Facebook
posts to the study homepage did not differ between women and
men (5.7 vs. 5.5%). The geographical click-through rates varied across
Norway and was highest in the area close to the study centre (south-
ern Norway/Agder county; 9%) and lowest in northern Norway
(Finnmark county; 3%).

After promotion in local newspapers or radio, promotion at the local
hospital webpage, and after an interview in a national newspaper for
technology, 10 122 individuals visited the study homepage (Figure 2).
Of the 20704 unique users who visited the study homepage during
the study period (546 days), 13 255 (64%) individuals performed the ‘in-
clusion/exclusion’ test, and 7280 (35%) individuals were eligible for
study participation (Figure 3). A total of 2122 (29%) of the eligible indi-
viduals signed digital consent for study participation. We have no fur-
ther information about individuals who did not pass the ‘inclusion/
exclusion’ test or those who did not consent to study participation.
Four individuals were excluded by the study staff after self-enrolment
due to age <65 years or self-reported prior diagnosis of AF.

Study population

Self-reported clinical characteristics of the 2118 study participants are
presented in Table 1. The mean age was 70 (4) years and the mean

Days from study start

=Individual users at study webpage

~Users fulfilling inclusion criteria =included participants

Figure 2 Individuals visiting the study homepage, individuals passing the ‘inclusion/exclusion test’ and individuals providing digital consent for study
participation during the study period from 1 January 2021 to 6 June 2022. (1) Promotion in local newspapers/radio, (2) Promotion at hospital webpage,
(3) Targeted Facebook posts, (4) Interview in national newspaper for technology, (5) Targeted Facebook posts, and (6) Interview in national newspaper

for research.
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ANTICOAGULATION THERAPY

34 (87%)
participants initiated
oral anticaagulation therapy

Figure 3 Study flowchart.

CHA,DS,-VASc risk score was 2.6 (0.8). The majority [n=1569
(74%)] of the participants were women. The study participants were
recruited from the whole country of Norway (Figure 4). However, a

Table 1 Self-reported baseline clinical characteristics
of study participants (n =2118)
Women, n (%) 1569 (74)
Age (years), mean (SD) 70 (4)
Age (years), median (IQR) 70 (65-89)
Smoking, n (%) 140 (7)
CHA2DS2-VASc risk score, mean (SD) 2.6 (0.8)
CHA2DS2-VASc risk score, median (IQR) 2 (2-3)
Heart failure, n (%) 36 (2)
Hypertension, n (%) 910 (43)
Diabetes mellitus, n (%) 156 (7)
Previous stroke/TIA, n (%) 64 (3)
Peripheral artery disease, n (%) 19 ()
Myocardial infarction, n (%) 119 (6)
Chronic obstructive pulmonary disease, n (%) 96 (5)
Anticoagulation therapy, n (%) 25 (1)
Antiplatelet therapy, n (%) 493 (23)
Antihypertensive therapy?, n (%) 523 (25)
Beta blocker, n (%) 273 (13)

?Angiotensin-converting enzyme inhibitors or angiotensin Il receptor blockers.

IQR, interquartile range; TIA, transient ischaemic attack; CHA,DS,-VASc, congestive
heart failure, hypertension, age >75 (doubled), diabetes, stroke (doubled), vascular
disease, age 65-74 and sex category (female); SD, standard deviation.

large proportion of the participants were recruited from the southern
part of Norway [Agder county; 867 (41%) individuals vs. northern
Norway/Finnmark county; 11 (0.5%) individuals].

Follow-up and initiation of oral
anticoagulation

The performance and results of the ECG self-screening test have been
described in detail previously.” A total of 1849 (87%) participants com-
pleted the ECG self-screening test and AF was identified in 41 (2.2%)
participants (Figure 3). Intermittent episodes of AF were detected in
36 (88%) of the 41 participants with AF. The mean ECG monitoring
duration was 6.3 days (+3.6 days). A total of 39 (95%) participants di-
agnosed with screen-detected AF reported follow-up data. One partici-
pant with AF died before follow-up, and another declined to participate
in the follow-up. All participants with follow-up information consulted a
GP as recommended. Further assessment by cardiologists, including an
echocardiographic examination, was performed in 30 (77%) of the 39
participants. Anticoagulation therapy was initiated in 34 (87%) of the 39
participants. None of the participants diagnosed with AF used anticoa-
gulation therapy prior to the diagnosis. We have no information about
the reasons for not initiating anticoagulation therapy in the remaining
five individuals, but three of these participants were women between
65 and 75 years old with no other self-reported comorbidities (i.e.
CHA,DS,-VASc risk score 2).

Discussion

Recruitment and performance of the Norwegian Atrial Fibrillation self-
screening pilot study was fully digital. Targeted Facebook posts were by
far the most effective recruitment method. Previously undiagnosed AF
was identified in 41 (2.2%) of the 1849 individuals who completed the
ECG self-screening test and 39 (95%) of them reported follow-up data.
Anticoagulation therapy was initiated by general practitioners (GPs) in
34 (87%) of these cases.



376

E.L. Sandberg et al.

o

&

Hammerfest ol ‘
P o - £d 2

s = Kirkenes
&

Figure 4 Geographical distribution of study participants. (Red marker: study centre. Black markers: >5 participants).

Recruitment

Inclusion of a sufficient number of study participants in clinical studies may
be challenging."* Digital study recruitment appears to be both cost and
time beneficial in this study. Similar findings were reported from a
Swedish study of women with palpitations.’® The recruitment and inclu-
sion rates were influenced by several factors, particularly the choice of
media for study promotion. Social media proved to be an efficient method
for inclusion in this study. The COVID-19 pandemic was an important rea-
son for selecting this particular recruitment method in the current study,
and the pandemic may also have accelerated digital literacy in the popula-
tion in general.'* To the best of our knowledge, no other similar studies
have used social media to recruit participants for an AF self-screening pro-
cedure using a continuous ECG recording system. The mHealth Screening
to Prevent Strokes (mSToPS) and the eHealth-based Bavarian Alternative
Detection of Atrial Fibrillation (eBRAVE-AF) trials included participants by
targeted emails in different health care insurance populations.s‘15 The
smartwatch trials from Apple, Huawei and Fitbit included participants
from their own customer platforms.>~’

The majority of the included participants were relatively healthy wo-
men, and the mean age was relatively low. The age and gender distribu-
tion may have contributed to the low AF detection rate. The use of
Facebook probably introduced gender and age biases.'® More women
than men use Facebook, and the proportion of Facebook users decline
with increasing age.!” The Fitbit study also experienced a female skew-
ness, but this was not evident in the Apple, Huawei, eBRAVE-AF, and
mSToPS trials.>®"® Several trials have described a higher prevalence

of AF in elderly and in men compared with females.'® Elderly males
were challenging to reach by social media. However, men and women
had a similar Click-Through-Rate from Facebook to the study home-
page. Future studies should consider other invitation channels to in-
clude older participants and especially older men.

Digital platforms also require digital competence, and the use of so-
cial media may entail a risk of geographical and socioeconomic differ-
ences. Media attention in the local press may explain the relatively
high proportion of participants living in the vicinity of the study centre.
We did not collect sociodemographic data, but the baseline character-
istics and the findings of relatively few cases of other arrhythmias indi-
cate a rather healthy study population.” Previous trials have shown a
higher proportion of female participants and more individuals with
higher education and income levels after recruitment by Facebook
posts compared with traditional recruitment methods.'® Hence, clinical
studies with digital invitation and inclusion strategies are at risk of losing
participants with the greatest benefit of screening.

Hoare et al. '* have previously described several other barriers such
as time commitment, procedural complexities, and concerns about
health outcomes for participation in clinical trials. Only one out of
ten individuals visiting the study homepage provided digital consent
for study participation, indicating a significant disparity between the
number needed to invite and included participants. Information regard-
ing reasons for non-consent was not available in this study. Improved
understanding of the reasons for non-participation seems necessary
to increase the recruitment rate in future trials.
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Initiation of anticoagulation therapy

Detection of AF per se does not affect the risk of complications of AF.
Appropriate initiation of anticoagulation therapy in the patients with AF
and increased risk of stroke is crucial to obtain the benefits of AF
screening. The mSToPS-trial described a higher rate of prescription
of oral anticoagulation in the actively monitored group but did not re-
port the initiation rate."” Initiation of anticoagulation therapy was not
reported in the Apple Heart Study, the Fitbit study or in the
ReducinG stroke by screening for UndiAgnosed atRial fibrillation in eld-
erly inDividuals (GUARD-AF) study.®”?° The Swedish STROKESTOP
and the Danish Implantable loop recorder detection of atrial fibrillation
to prevent stroke (LOOP) studies reported initiation of anticoagulation
therapy in 93 and 91% of the participants with AF, respectively.*"*>
However, these Scandinavian studies were conducted as traditional
clinical studies with personal follow-up. In our opinion, an initiation
rate of anticoagulation therapy by local GPs of 87% in our fully digital
study is highly satisfactory. Notably, three of five participants who did
not initiate anticoagulation therapy were women 65-74 years of age,
denoting an intermediate risk where anticoagulation therapy consider-
ation is warranted but not mandatory according to guidelines.*

Limitations

This study has several limitations. The study had a single-arm non-
randomized design, and it was not possible to compare with standard
care. No information regarding reasons for non-participation among quali-
fied individuals was recorded. Google Analytics and Facebook Metrics may
not provide an accurate count of unique users due to shared IP addresses
and devices. Comparable data for radio, newspapers, and other recruit-
ment methods was not available. Furthermore, we had no opportunity
to validate the self-reported information of initiation of anticoagulation
therapy. The study had no further follow-up, and we have no information
regarding the adherence to the anticoagulation therapy or insights into the
GPs perspectives on the study procedure. We did not collect data regard-
ing time and costs for the manual procedures, and the cost-effectiveness of
the screening method cannot be estimated.

Conclusions

The present study demonstrated the effectiveness of digital recruit-
ment and inclusion for AF screening, and a high rate of initiation of antic-
oagulation therapy in AF positive screening cases by local GPs.
However, open invitation via social media may introduce a selection
bias with regard to age and gender. Larger, randomized studies with
long-term follow-up are needed to settle the cost-effectiveness of fully
digital AF screening.
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