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Abstract

Background

Growing prevalence of atrial fibrillation (AF) in the ageing population and its associated life-

changing health and resource implications have led to a need to improve its early detection.

Primary care is an ideal place to screen for AF; however, this is limited by shortages in gen-

eral practitioner (GP) resources. Recent increases in the number of clinical pharmacists

within primary care makes them ideally placed to conduct AF screening. This study aimed to

determine the feasibility of GP practice–based clinical pharmacists to screen the over-65s

for AF, using digital technology and pulse palpation during the influenza vaccination season.

Methods and findings

Screening was conducted over two influenza vaccination seasons, 2017–2018 and 2018–

2019, in four GP practices in Kent, United Kingdom. Pharmacists were trained by a cardiolo-

gist to pulse palpate, record, and interpret a single-lead ECG (SLECG). Eligible persons

aged�65 y attending an influenza vaccination clinic were offered a free heart rhythm check.

Six hundred four participants were screened (median age 73 y, 42.7% male). Total preva-

lence of AF was 4.3%. All participants with AF qualified for anticoagulation and were more

likely to be male (57.7%); be older; have an increased body mass index (BMI); and have a

CHA2DS2-VASc (Congestive heart failure, Hypertension, Age� 75, Diabetes, previous

Stroke, Vascular disease, Age 65–74 years, Sex category) score� 3. The sensitivity and

specificity of clinical pharmacists diagnosing AF using pulse palpation was 76.9% (95% con-

fidence interval [CI] 56.4–91.0) and 92.2% (95% CI 89.7–94.3), respectively. This rose to

88.5% (95% CI 69.9–97.6) and 97.2% (95% CI 95.5–98.4) with an SLECG. At follow-up, four

participants (0.7%) were diagnosed with new AF and three (0.5%) were initiated on anticoa-

gulation. Screening with SLECG also helped identify new non-AF cardiovascular diagnoses,
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such as left ventricular hypertrophy, in 28 participants (4.6%). The screening strategy was

cost-effective in 71.8% and 64.3% of the estimates for SLECG or pulse palpation, respec-

tively. Feedback from participants (422/604) was generally positive. Key limitations of the

study were that the intervention did not reach individuals who did not attend the practice for

an influenza vaccination and there was a limited representation of UK ethnic minority groups

in the study cohort.

Conclusions

This study demonstrates that AF screening performed by GP practice–based pharmacists

was feasible, economically viable, and positively endorsed by participants. Furthermore,

diagnosis of AF by the clinical pharmacist using an SLECG was more sensitive and more

specific than the use of pulse palpation alone. Future research should explore the key barri-

ers preventing the adoption of national screening programmes.

Author summary

Why was this study done?

➢ Atrial fibrillation (AF), which is often symptomless, is associated with an increased

risk of developing stroke or heart failure. The prevalence of AF increases with age.

Integration of screening programmes alongside existing healthcare services and

infrastructure, utilising trained healthcare professionals (HCPs), must be sustainable.

➢ Screening for AF at influenza vaccination clinics using clinical pharmacists may be

cost-effective and target a relevant, at-risk proportion of the population (e.g.,�65 y,

with multiple conditions).

What did the researchers do and find?

➢ Using a single-time-point screening strategy that selectively targeted 604 people�65

y old, attending influenza vaccination clinics at participating general practitioner

practices, we showed that appropriately trained clinical pharmacists could screen

and detect AF.

➢ A participant experience questionnaire showed, generally, that participants were

highly satisfied with their consultation and thought AF screening was important.

➢ We found that screening for AF during the influenza vaccination season, using clini-

cal pharmacists and automated digital technology, was more reliable and cost-effec-

tive than pulse palpation alone.

What do these findings mean?

➢ This work demonstrates a feasible approach to annual AF screening in primary care

by clinical pharmacists using digital technology that could be readily adopted by
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general practices, delivering annual influenza vaccinations to the over-65s and

adapted to involve other HCPs.

➢ Further studies are needed to investigate how to broaden AF screening to those at

risk who do not participate in the influenza vaccination and to explore the key barri-

ers outlined by policy makers, which have delayed the adoption of a national AF

screening programme.

Introduction

Routine screening for atrial fibrillation (AF) is currently not endorsed by the UK National

Screening Committee [1]. The growing prevalence of AF [2,3] and its associated life-changing

health implications [4,5], combined with the impact of AF on national health resources [6]

that can occur as a result of the disease not being detected early, have led to a growing medical

consensus, backed by public health policy, to improve the early detection and treatment of AF

[7–9].

The prevalence and severity of AF increases with age [10], and the older-aged population

are most at risk of experiencing an AF-related stroke and/or heart failure [4,5]. Furthermore,

the risk of the disease has been shown to be exacerbated when associated with other co- or

multimorbidities, such as hypertension and heart failure [5,11–14]. For persons aged 55 y or

older, the lifetime risk of developing AF increases from one in five to one in three in the pres-

ence of one or more morbidities [11]. The proportion of over-65s experiencing two or more

chronic conditions is 54%, increasing to 69% for those over the age of 85 [15]. Thus, the older,

ageing population remains key to any future national screening plans, as highlighted by the

European Society of Cardiology (ESC) guidelines [8]. When, where, and how this population

is targeted remains a key consideration to any future screening initiatives, in order to maxi-

mise socioeconomic outcomes.

Primary care is considered to be central to improving the early detection of AF, as this is

where the majority of the populations’ health is routinely managed. In England, general practi-

tioner (GP) surgeries provide over 300 million patient consultations a year [16], making this

location ideal for health screening [17–21]. The chronic shortage of doctors and nurses in the

UK [22], and elsewhere, impacts heavily on patient access to primary care [23], despite efforts

to retain and increase GP numbers [24]. To address this issue, NHS England have pledged to

fund an additional 20,000 healthcare professionals (HCPs) by 2023/2024 to support GPs [25],

with initial funding targeted to social prescribers and pharmacists. This builds on previous

NHS investment into the ‘Clinical Pharmacists in General Practice’ pilot scheme, which, since

2015, has recruited over 1,000 full-time clinical pharmacists [26]. As such, healthcare interven-

tions such as AF screening are likely to be delivered by another HCP, other than a GP. Clinical

pharmacists are well placed to apply their in-depth knowledge of medicines, toxicology, phar-

macokinetics, and therapeutics to deliver patient-centred care that promotes health, well-

being, and disease prevention, in all patient-care settings [27,28]. The development of newer

and better screening methods for AF are also being shown to improve the detection of AF and

are helping to overcome some of the limitations and barriers experienced using older, more

conventional methods [29,30].

In this ‘Pharmacists Detecting Atrial Fibrillation’ (PDAF) study, we aimed to determine the

feasibility of general practice–based clinical pharmacists screening the over-65s for AF, using
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digital technology and a single-time-point screening strategy combined with another annual

healthcare intervention, the influenza vaccination. We evaluated the use of a single-lead elec-

trocardiogram (SLECG) device compared with pulse palpation alone, as the latter is a current

recommendation for AF detection [31], and the economic impact of both methods particularly

in relation to false-discovery rates (FDRs). Finally, we sought feedback from the participants

about the service that was provided. A preliminary account of some of these data has been

reported previously [32].

Methods

This study is reported as per the Standards for Reporting Diagnostic accuracy studies

(STARD) checklist (S1 STARD Checklist).

Study design

A single-time-point screening strategy was used to detect AF in patients aged 65 y or over attend-

ing the annual influenza vaccination at their GP practice, using clinical pharmacists to conduct

the screening. Screening was conducted over two influenza vaccination seasons, from 28 October

2017 to 22 February 2018 and then from 2 October to 14 December 2018. The study protocol

design was described in a previous publication [33]. In brief, five clinical pharmacists were

recruited from Kent Community NHS Foundation Trust, another pharmacist was already

embedded in a participating practice, and another was provided by the Medway School of Phar-

macy, University of Greenwich and Kent. All pharmacists received training before and during

the study to implement the screening protocol. Four GP practices across the NHS Canterbury

and Coastal Clinical Commissioning Group participated in the study. Patients aged 65 or over

attending an influenza clinic at a participating practice were eligible to have the rate and rhythm

of their heart assessed, using pulse palpation and an SLECG device (AliveCor Kardia Mobile

Device [KMD]). Exclusions from screening included anyone with a pacemaker, those with a

severe coexisting medical condition (e.g., cancer with<1 mo of life expectancy), or those who

were not able to provide informed consent at time of screening because of a lack of mental capac-

ity. Patients with preexisting AF were not excluded, as it was assumed that most participants with

AF would self-exclude, whereas those that did not would act as positive test controls. Pharmacists

were unaware of preexisting AF diagnoses in participants prior to screening. Participants could

be screened at the clinic or could opt for a prebooked appointment. Screening was advertised via

posters, leaflets, text messages, staff, clinical pharmacists, or a member of the study team. Partici-

pants were recruited using a consecutive sampling approach, meaning that any participants

attending influenza vaccination clinics at participating practices during the studied time periods

and fulfilling the study inclusion criteria (see above) were invited to participate. All data with an

exception of enhanced participant demographics were collected prospectively.

Screening procedure

All eligible participants provided signed informed consent before entering the study. Consent-

ing participants were assigned a deidentifying patient ID code, which was then used on all

study documentation and recorded ECGs. Participants were asked to complete a basic demo-

graphics form (e.g., age, sex, ethnicity, height, weight, current smoking and drinking habits)

prior to screening. Screening then followed the process outlined in Fig 1. The radial pulse of

the participant was measured for 60 s, and this was then followed by an SLECG, recorded for

30 s. Only one ECG was recorded, unless the ECG was of poor quality, then a second was

recorded. The data of the last ECG recorded for each participant were used for subsequent

analysis. The ECG was assessed and interpreted by the clinical pharmacist. Their assessment of
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the ECG was explained to the participant and noted, along with the quality of the ECG recording.

The clinical pharmacists were not blinded from knowing the provisional diagnosis of the KMD

algorithm. All ECGs were emailed to the study cardiologist via the NHS.net email system for

overreading. The clinical pharmacist provided the participant with a provisional diagnosis letter

that was either ‘normal’, ‘possible AF’, ‘unclassified’ (not sinus rhythm [SR] or AF), or ‘unread-

able’ and advised of the next steps. All ECGs were uploaded to participants’ electronic medical

record and copies of the consent form and provisional diagnosis letter retained in the study file.

The cardiologist’s interpretation of the ECG and recommendations for intervention were

returned within 72 h. The cardiologist was not blinded from knowing the provisional diagnoses

by KMD algorithm or pharmacists and provided pharmacists with regular feedback once each

provisional diagnosis was confirmed or rejected. All patient interventions, including confirma-

tory 12-lead ECGs (12LECGs), were organised by the GP practice in accordance with their normal

practice procedures. All participants given either an AF or unclassified/unreadable diagnosis and

a recommendation for further intervention by the cardiologist were followed-up by the study

team to ensure participants had been offered appropriate treatment from their GP practice. The

study team also collated enhanced demographics (e.g., medical history) from all patients with

either an AF or unclassified/unreadable diagnosis and a random selection (n = 100) of partici-

pants who had normal SR at time of screening, for comparison (7/100 participants were excluded

from this selection, as their medical records showed that they had either had experienced/were

experiencing known AF/paroxysmal AF [PAF]). This sample of participants was selected using

the random-cases function of SPSS (v25) in the presence of two researchers.

Participant experience questionnaire

At the end of the screening appointment, all participants were asked to complete a short, anon-

ymous, patient experience questionnaire consisting of 13 closed and four open questions (S1

Appendix) and were offered the opportunity to take part in future focus groups (reported else-

where). Completed questionnaires were handed over to the receptionist or posted back to the

research team using prepaid envelopes.

Quantitative data analysis

Apart from the subgroup analysis pertaining to enhanced demographic data of selected partici-

pants with suspected ‘normal’ diagnoses, all data analyses were conducted as prespecified in

the study protocol [33]. Continuous variables were reported as a median (interquartile range).

Categorical variables, including responses to closed questions of the participant experience

questionnaire, were expressed as numbers and percentages (%). The demographics of individ-

uals with and without AF were compared using a Mann-Whitney U test for continuous vari-

ables and a Pearson chi-squared or Fisher exact test for categorical variables. Any missing data

points were omitted from final analysis, without data imputation. For all statistical compari-

sons, p-values of<0.05 were considered significant.

The level of interrater agreement between pulse palpation, pharmacist, device, and cardiol-

ogist interpretation of the SLECG was calculated using Cohen’s kappa statistic. Diagnostic

accuracy measures, including the sensitivity, specificity, percentage agreement with the cardi-

ologist (positive predictive value [PPV]), and the FDR, for each index test were derived from

2 × 2 contingency tables using cardiologist’s interpretation of SLECG as a reference test. The

Fig 1. Pharmacists Detecting Atrial Fibrillation study intervention flowchart. AF, atrial fibrillation; GP, general practitioner; HR, heart rate; PIL, participant

information leaflet.

https://doi.org/10.1371/journal.pmed.1003197.g001
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sensitivity and specificity of the test were defined as its ability to correctly identify those partic-

ipants with AF (true positives/true positives and false negatives) and without AF (true nega-

tives/true negatives and false positives), respectively [34]. The overall diagnostic accuracy

(correct classification rate) combined these two measures as an assessment of the test’s ability

to detect both the proportions of true positives and true negatives (true positive and true nega-

tives/total number of participants) [35]. The PPV and FDR were defined as probabilities that

the test will identify those with positive diagnoses either correctly (PPV = number of partici-

pants who both tested positive and were true positives/total number who tested positive) or

incorrectly (FDR = number of participants who both tested positive and were true negatives/

total number who tested positive), respectively [34,36].

The diagnostic accuracy of pulse palpation, clinical pharmacist’s interpretation, and the

device’s algorithm (index tests) was compared with the cardiologist’s interpretation (reference

standard) using a Cochran Q test followed by post hoc McNemar chi-squared tests and a Bon-

ferroni correction for multiple comparisons. Diagnostic accuracy measures were expressed as

a mean (95% confidence intervals [CIs]).

Prevalence of new AF diagnoses were determined from the number of confirmed AF-posi-

tive 12LECGs divided by the total number screened with accompanying 95% CI. False-positive

results of each index test were expressed as the number of incorrect AF diagnoses compared

with the cardiologist’s interpretation, divided by the total number screened (95% CI). All anal-

yses were performed using IBM Statistical Package for Social Sciences (SPSS V.25).

Responses to open-ended questions of participant experience questionnaires were imported

into NVivo (V.12) and analysed using content analysis [37], a systematic approach commonly

applied to the analysis of verbatim questionnaire data [38]. This included coding the words and fre-

quencies extracted from the questionnaires to identify the frequency of their occurrence and to

group them into key themes. The themes were considered alongside responses to closed questions.

Patient and public involvement

The AF screening protocol and all patient-related information and documents were presented

to and scrutinised by the Medway School of Pharmacy, Public Involvement in Pharmacy Stud-

ies (PIPS) group prior to submission for ethics approval. Members were also involved in mock

training sessions with the clinical pharmacists. The PIPS group comprises interested members

of the public. No members of the PIPS group participated in the screening.

The results of the study have been disseminated to participants via various forums includ-

ing GP practice newsletters, press and media releases (BBC South East, KMTV, and BBC

Radio Kent), and social media.

Ethics

The study was approved by the London-Riverside Research Ethics committee (17/LO/1650)

and NHS Health Research Authority. IRAS Project ID is 232663. The study was conducted in

accordance with the Medical Research Council’s framework for complex interventions [39]

and the recommendation for physicians involved in research on human participants adopted

by the 18th World Medical Assembly, Helsinki 1964, and later revisions.

Results

Participants

A total of 604 participants across four GP practices in Kent underwent a heart rhythm check

with a clinical pharmacist. Median age (interquartile range) of the participants was 73 (69–78)
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y and 42.7% of participants were male. The majority of participants (96.9%) reported them-

selves to be White British and had a median body mass index (BMI) of 26.1 (23.5–29.3),

Table 1. Nearly 85% of participants only had one SLECG recording (512/604), although two or

more ECGs were performed in 15.2% of participants (92/604) in which the first recording was

of poor quality.

Screening for AF: Measurement comparison

Cardiologist. The cardiologist was able to interpret 99% of the SLECGs recorded, with

only 1% (6/604) of the SLECG recorded deemed uninterpretable. From 598/604 SLECGs, the

cardiologist diagnosed 503 (83.3%) as normal SR, 26 (4.3%) as possible AF, and 69 (11.4%) as

either having unidentifiable or absent P waves or having some other non-AF cardiac abnor-

mality, such as bundle branch block (BBB) and atrioventricular block (AVB) (Fig 2).

SLECG interpretation by the KMD algorithm. The KMD algorithm reported 484 (80%)

cases as normal SR, 39 (6.5%) cases of possible AF, 75 (12.4%) as unclassified, and six (1.0%) of

the ECGs as unreadable. Diagnostic agreement of the algorithm’s interpretation of the SLECG

compared with the cardiologist’s interpretation is illustrated in Fig 2, whereas sensitivity, speci-

ficity, and accuracy of diagnosing AF from an SLECG are shown in Table 2. The KMD had a

false-positive rate of 2.6% and an FDR of 38.5%.

SLECG interpretation by the clinical pharmacists. From the SLECG, clinical pharmacists

were asked to record their own interpretation of the SLECG (normal SR, possible AF, unclassi-

fied, or unreadable). The clinical pharmacists reported 487 (80.6%) cases as normal SR, 39

(6.5%) cases of possible AF (35 of these matched with the KMD algorithm), 71 (11.8%) unclas-

sified, and seven (1.2%) of the ECGs as unreadable. Diagnostic agreement of the clinical phar-

macist’s interpretation of the SLECG compared with the cardiologist’s interpretation is

Table 1. A summary of participant demographic characteristics (n = 604).

Characteristics N = 604

Age, years 73 (69–78)

Male 258 (42.7%)

White British 585 (96.9%)

White Irish 3 (0.5%)

White American 2 (0.3%)

White Dutch 2 (0.3%)

White other� 7 (1.2%)

Other�� 5 (0.8%)

Current alcohol drinker 380 (62.9%)

Alcohol, units/week 6 (2–14) (n = 372)

Current smoker 54 (8.9%)

Height, cm 167.0 (160.0–174.0) (n = 596)

Weight, kg 73.0 (64.0–83.0) (n = 588)

BMI, kg/m2 26.1 (23.5–29.3) (n = 585)

Heart rate device, bpm 72 (65–81)

Continuous variables are expressed as a median (interquartile range). Categorical variables are expressed as a number

of participants (% total of the group).

�White European, Flemish, Italian, Scottish, and South African (n = 1 each), and White nonspecified or other (n = 2).

��Kazakh, American, Australian, Hungarian, and Norwegian (n = 1 each).

Abbreviations: BMI, body mass index; bpm, beats per minute (heart rate).

https://doi.org/10.1371/journal.pmed.1003197.t001
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illustrated in Fig 2, whereas sensitivity, specificity, and accuracy of diagnosing AF from an

SLECG by the clinical pharmacists are shown in Table 2. The clinical pharmacists’ interpreta-

tion of the SLECG had a false-positive rate of 2.8% and an FDR of 41.0%. The quality of the

SLECG recorded for 604 participants was deemed as either excellent (60%), acceptable (33%),

poor (5%), or unreadable (2%) by the pharmacists.

Pulse palpation by the clinical pharmacist. Heart rate and rhythm interpretation of the

pulse was obtained by the pharmacist for 603 participants, with pulse interpretation data miss-

ing for one case, in which pulse could not be palpated. Average heart rate was determined by

the pharmacist to be 70 beats per minute (bpm) (62–78), compared with 72 bpm (65–81),

n = 604, obtained using the KMD.

Fig 2. Screening for AF, measurement comparison. A breakdown of diagnoses derived from pulse palpation, KMD algorithm, and pharmacist interpretation of the

SLECG compared with the cardiologist’s interpretation of the SLECG. All data are expressed as the number of cases in each diagnostic category (% diagnostic agreement

with cardiologist diagnoses). �p = 0.001 for differences derived from 2 × 2 contingency tables for AF-positive and AF-negative diagnoses between KMD and pulse

palpation and between pharmacist interpretation and pulse palpation. AF, atrial fibrillation; KMD, Kardia Mobile Device; SLECG, single-lead ECG.

https://doi.org/10.1371/journal.pmed.1003197.g002

Table 2. A summary of diagnostic accuracy. Interpretation of SLECG by the KMD algorithm, pharmacist interpretation, and pulse palpation when compared with the

cardiologist interpretation (expressed as a mean [95% CI]).

Index Test Sensitivity Specificity Accuracy (Correct Classification Rate) False-Discovery Rate Cohen’s Kappa

KMD algorithm 92.3 97.4 97.2 38.5 0.72

(74.9–99.1) (95.8–98.5) (95.5–98.4) (23.4–55.4) (0.60–0.85)

Pharmacist interpretation 88.5 97.2 96.9 41.0 0.69

(69.9–97.6) (95.5–98.4) (95.1–98.1) (25.6–57.9) (0.56–0.82)

Pulse palpation 76.9 92.2 91.6 69.2 0.40

(56.4–91.0) (89.7–94.3) (89.1–93.7) (56.6–80.1) (0.27–0.53)

Abbreviations: CI, confidence interval; KMD, Kardia Mobile Device; SLECG, single-lead ECG.

https://doi.org/10.1371/journal.pmed.1003197.t002
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Using pulse palpation alone, pharmacists reported 526 (87.1%) cases as normal SR, 65

(10.8%) cases of possible AF, 12 (2.0%) as unclassified, and one (0.2%) as unreadable (i.e.,

impalpable). Diagnostic agreement of pulse palpation with the cardiologist’s interpretation of

the SLECG is illustrated in Fig 2, whereas sensitivity, specificity, and accuracy of diagnosing AF

using pulse palpation are shown in Table 2. For pulse interpretation, the false-positive rate and

FDRs were high (7.8% and 69.2%, respectively). False-positive AF diagnoses occurred as a con-

sequence of multiple atrial or ventricular ectopic beats (n = 23), mild sinus tachycardia (n = 2),

or bradycardia (n = 1), where indicated by the cardiologist’s interpretation of the SLECG.

AF prevalence

The total prevalence of ‘known’ and ‘new’ AF ascertained by the cardiologist’s interpretation

of SLECG recordings was 4.3% (26/604). Of these 26 participants, 18/26 (3.0%) had a known

medical history of AF, were in AF when screened, and no further action was taken. A total of

eight (1.3%) possible-AF participants were referred for a 12LECG. Three (0.5%) of these

referred participants remained in AF at time of the 12LECG. In total, 4/604 (0.7%) participants

were diagnosed with ‘new’ AF as a result of screening after a 12LECG confirmation (three with

initially suspected ‘possible AF’ and one with an ‘unclassified’ diagnosis). Interestingly, of the

18 ‘known’ AF patients, all of whom were receiving oral anticoagulant (OAC) treatment, only

seven reported at the time of screening that they experienced AF and were receiving anticoa-

gulation therapy, and three participants were unsure about their diagnosis or treatment, war-

ranting a confirmation in their medical records. All 26 ‘known’ and ‘actionable’ AF

participants were eligible for OACs in accordance with ESC guidelines [8]. Of the 26 partici-

pants eligible for OAC therapy, 20 (76.9%) were on OAC therapy at the end of the study (18

with ‘known’ and two with ‘new AF’). An additional participant with a provisional ‘unclassi-

fied’ diagnosis who was diagnosed with ‘new’ AF following a 12LECG was anticoagulated

accordingly.

Demographics of ‘new’ and ‘known’ AF participants

Participants with AF were more likely to be male; were significantly older (p< 0.0001); had a

significantly higher BMI (p = 0.01); and a CHA2DS2-VASc score� 3 (p = 0.002), compared

with a random sample (n = 93) of participants that were deemed normal SR, at time of screen-

ing (Table 3). Extended demographics of participants identified with AF showed that they

were significantly more likely to experience hypertension, renal disease, diabetes mellitus, and

heart failure (Table 3). Average number of comorbidities per participant from within the AF

cohort was 2.0 (1.0–3.0) (n = 26), compared with 1.0 (0.0–2.0) for the non-AF cohort (n = 93).

Cost-effectiveness evaluation

The cost-effectiveness of PDAF intervention (see S1 Supporting Information) was estimated

with a Markov simulation model built using the cost-utility template by Edlin and colleagues

[40], the National Institute for Health and Care Excellence (NICE) costing report for AF [41],

and methodology adapted from two previous AF screening studies [42,43]. Cost-effectiveness

was evaluated for the KMD and compared with pulse palpation alone or no screening inter-

vention. The intervention was considered to be cost-effective if the estimated incremental

cost-effectiveness ratio was under the willingness-to-pay threshold of £20,000/quality-adjusted

life year (QALY) proposed by NICE [44]. At base case assumptions (see S1 Supporting Infor-

mation), the AF screening strategy was found to be cost-effective in 71.8% and 64.3% of esti-

mates (100,000 simulations run in each case) for KMD and pulse palpation, respectively,

compared with no screening intervention. The incremental net benefit compared with no
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screening strategy was £1,903/patient using the KMD and £946/patient using pulse palpation.

If applied to all patients over 65 y old across England and Wales, with 50% uptake of screening

and AF newly detected as a result of this screening, this would represent incremental net bene-

fits of around £120 million using the KMD and £50 million using pulse palpation alone.

Follow-up data and outcomes

Following the initial screening and the cardiologist’s interpretation of the SLECG, 87/604

(14.4%) participants with either possible AF or some other cardiac abnormality were referred

for a 12LECG or heart rate check (Fig 3). The median time between screening and 12LECG was

16.0 (11.0–24.0) d. One participant declined a 12LECG and GP review, and four participants

did not respond to an invitation. Of the remaining participants, 28 (4.6%) had normal SR

(some identified by GP before 12LECG was done); 22 (3.6%) had a previously diagnosed condi-

tion and required no further intervention; four had newly diagnosed AF (0.7%), of whom

three (0.5%) were initiated on oral anticoagulation; and 28 (4.6%) had a newly diagnosed non-

AF cardiovascular condition. Further details concerning the 28 non-AF conditions identified

from the SLECG device and reclassifying of patients following 12LECG are shown in Fig 3.

None of the participants with a new first-degree AVB (1.3%, 8/604) were referred for pace-

maker implantation.

Table 3. A comparison of demographic characteristics between a random sample of participants with normal diagnoses (n = 93) versus those with cardiologist-con-

firmed AF diagnoses (n = 26).

Random Sample With Normal Diagnoses (n =
93)

Participants With Cardiologist-Confirmed AF Diagnoses (n =
26)

p-Value (Two-

Sided)

Age, years 72 (69–76) 82 (73–85) <0.0001

Male 36 (38.7) 15 (57.7) 0.116

Current alcohol drinker 72 (77.4) 16 (61.5) 0.103

Alcohol, units/week 5.5 (2–14) (n = 70) 10.0 (2–14) (n = 16) 0.482

Current smoker 6 (6.5) 3 (11.5) 0.408

Height, cm 170.0 (162.5–175.0) (n = 91) 167.5 (162.5–177.5) 0.634

Weight, kg 73.0 (65.1–81.9) (n = 90) 78.3 (69.7–97.0) 0.055

BMI, kg/m2 25.7 (23.1–28.0) (n = 89) 28.5 (24.2–33.5) 0.010

CHA2DS2VASc score 3.0 (2.0–3.0) (n = 93) 3.0 (3.0–4.3) 0.002

Hypertension 38 (40.9) 18 (69.2) 0.010

Renal disease 16 (17.2) 11 (42.3) 0.007

Diabetes mellitus 12 (12.9) 8 (30.8) 0.041

Thyroid disease 8 (8.6) 4 (15.4) 0.293

Transient ischaemic

attack

3 (3.2) 3 (11.5) 0.117

Ischaemic heart disease 7 (7.5) 3 (11.5) 0.454

Heart failure 0 (0.0) 2 (7.7) 0.046

Intracranial bleed 1 (1.1) 1 (3.8) 0.391

Peripheral vascular

disease

4 (4.3) 0 (0.0) 0.575

COPD 8 (8.6) 2 (8.0) 1.000

Continuous variables are expressed as a median (interquartile range). Categorical variables are expressed as a number of participants (% total of the group).

Abbreviations: AF, atrial fibrillation; BMI, body mass index; CHA2DS2-VASc, Congestive heart failure, Hypertension, Age� 75, Diabetes, previous Stroke, Vascular

disease, Age 65–74 years, Sex category; COPD, chronic obstructive pulmonary disease

https://doi.org/10.1371/journal.pmed.1003197.t003
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Participant experience questionnaire

Of the 604 participants screened, 422 (70%) completed a feedback questionnaire. All respond-

ing participants rated the overall screening experience as either ‘very good’ or ‘good’, and 99%

agreed that they would be happy to take part in annual repeat AF screening. Less than half of

all respondents (47%) were aware of AF as a condition before they were screened. However,

96% of respondents felt that routine AF screening was either ‘very important’ or ‘important’

post screening. In response to open-ended questions, when asked ‘Was there anything you

particularly liked about the service?’, there were 272 recorded comments. Of these, 75 partici-

pants praised the ‘professional’ (14) yet ‘relaxed’, ‘friendly’, and ‘at ease’ nature of the pharma-

cist-led screening (61), and 24 stated that the service improved their access to healthcare by

offering an opportunity to obtain a more rapid provisional diagnosis and reassurance about

their health status. Ninety-four participants were particularly pleased with the ‘informative’

consultation during which they learnt about AF and any information was clearly presented in

Fig 3. Flowchart of follow-up actions and outcomes. 12LECG, 12-lead ECG; AEB, atrial ectopic beats; AF, atrial fibrillation; AVB, first-degree atrioventricular

block; BBB, bundle branch block; GP, general practitioner; HR, heart rate; LVH, left ventricular hypertrophy; SLECG, single-lead electrocardiogram; SR, sinus

rhythm; VEB, ventricular ectopic beats.

https://doi.org/10.1371/journal.pmed.1003197.g003
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lay terms they could understand and feel comfortable about, and seven stated that they were

particularly impressed with the digital technology that was used. A number of participants

(32) particularly liked being able to contribute to clinical research that had a ‘preventative

medicine’ focus. When participants were asked ‘Was there anything you particularly disliked

about the service?’, there were only six comments, with length of time of the appointment

noted for two.

Discussion

Principal findings

This study produced a number of key findings. Firstly, it showed that clinical pharmacists,

assisted by the KMD, were able to detect 24 out of 26 possible AF diagnoses, when compared

with the overreading cardiologist. Secondly, participants with confirmed AF had a higher inci-

dence of co- or multimorbidities, including hypertension, renal disease, diabetes, and heart

failure. All ‘known’ and previously ‘unknown’ AF participants were at risk of stroke and eligi-

ble for OACs. Thirdly, screening for AF in the over-65s, combined with another healthcare

intervention and using the KMD, was cost-effective and financially beneficial, compared with

no screening at all. Fourthly, the participants felt that screening for AF was important, that

they were happy for clinical pharmacists to perform the screening, and they were very

impressed by the noninvasive digital technology that was used and the information they

received from the clinical pharmacist during the appointment. Finally, and arguably the most

notable finding, using pulse palpation alone resulted in a larger number of false-positive AF

diagnoses compared with the KMD (7.8% vs 2.6%).

Strengths and limitations of the study

A key strength of this study was that screening was performed during the influenza vaccination

season. Since the risk factors associated with AF overlap with those patients invited to partici-

pate in the seasonal influenza vaccination [45], combining these health interventions allowed

us to optimise recruitment of a relevant and at-risk population of participants with an interest

in their own personal well-being and generally in good health at the time of screening. In addi-

tion, basing the screening within GP practices and combining it with another healthcare inter-

vention was cost-effective and convenient for patients and ensured that patients received and

had access to the necessary follow-on care (e.g., 12LECG and treatment) and support for an AF

or other cardiovascular diagnosis. This is often missing from studies performed in other pri-

mary care settings, such as community pharmacies. However, the space requirement, logistics,

and staff endorsement of such a screening strategy in some GP practices may be prohibitive. A

single-time-point strategy can also mean that those with PAF are less likely to be detected com-

pared with those with persistent and permanent AF.

Using an SLECG device such as the KMD, which provides a recorded ‘snapshot’ of a per-

son’s heart rhythm, not only was beneficial to patients with possible AF but may also help

patients that have other previously undetected cardiovascular complications requiring new

treatment or treatment adjustment, for instance, heart failure or sinus bradycardia. However,

many of these non-AF cardiovascular diagnoses appeared as an ‘unclassified’ result and

required manual assessment of the ECG by a cardiac specialist and/or confirmation by a

12LECG.

A key limitation, although perhaps inevitable of any screening setting, was that the inter-

vention did not reach those patients who either by choice or circumstance were unable to

attend the practice for an influenza vaccination. These included the housebound, those with

transport issues, patients based in residential and nursing homes, or those that simply do not
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engage with healthcare interventions such as the influenza vaccination [46–48]. It is likely that

many of these patients, who have limited access to healthcare, are perhaps in most need of

such screening interventions. Indeed, in studies involving care-home residents, based in the

United States and Norway, the AF prevalence was found to range from 6.9% to 18.8% [49,50],

which at the peak is eight times higher than the prevalence of AF in the general population

[51].

Another limitation of the study was the underrepresentation of UK ethnic minority groups.

This study involved predominantly White British participants (97%) and was thus not a true

representation of the average UK population, which is 80.5% White British [52] (93.7% in

Kent [53]). Expanding this study into areas where there is a higher representation of ethnic

minority groups would be required to make it nationally representative.

Measuring the accuracy of the pharmacist to detect AF using the SLECG was limited by the

protocol design, in which the automated algorithm was retained on the KMD. The interpreta-

tion of the SLECG by the algorithm may have influenced the diagnostic decision made by the

pharmacist, potentially increasing the risk of misclassification bias, and thus the level of diag-

nostic accuracy observed may not be truly representative of their capability. Similarly, the

accuracy of the pharmacist to pulse palpate may have been compromised by their relatively

limited training and experience; however, this is perhaps representative of the majority of

HCPs and certainly the general population for which pulse palpation is being actively

promoted.

Comparison with other studies

The detection of ‘new’ AF in this study was low (0.7%) but comparable to some of the other

studies screening asymptomatic patients�65 y old using the KMD where it varied from 0.5%

to 1.7% [18,54,55]. This low detection rate may be due in part to the high prevalence (3.6%) of

‘known’ AF already in this screened population. The overall prevalence of AF ‘known’ and

‘new’ in this study was 4.3%, which was consistent with findings from previous studies based

in GP and outpatient settings (4.4% [95% CI 4.1–4.6%]), as reviewed by Lowres and colleagues

(2013) [51]. Interestingly, enhanced demographics collected from the medical records of 100

random participants that had been determined as having normal SR by the cardiologist

showed that 7% of these 100 participants had experienced (or were experiencing) known AF/

PAF, although all were in normal SR at time of screening. This suggests that the true preva-

lence of AF in this population is actually higher than is stated and could potentially be as high

as 12.3%, as was found in the STROKESTOP study [56].

Our study showed that those participants with AF were more likely to be older males with a

higher BMI and a CHA2DS2-VASc score not lower than 3.0. These data are consistent with

previous studies [11,12,14]. Our data also highlighted that none of the AF cohort had ‘lone’ or

idiopathic AF, but all had one or more conventional risk factors for AF, of which hypertension,

renal disease, and diabetes mellitus were the most common [11,13,14]. These findings are con-

sistent with the literature, which has shown ‘lone’ AF to affect as little as 3% of the AF popula-

tion and to occur mainly in those with PAF who are under the age of 60 [57], whereas the

presence of co- or multimorbidities is much more common in those with AF and reported in a

number of studies [12,14,54] and is associated with an increased lifetime risk of developing AF

[11]. Targeted AF screening of the older population experiencing one or more risk factors that

overlap with the medical indications recommended for the influenza vaccination [45] would

likely make this a viable screening strategy.

Importantly, this study directly compared the accuracy of pulse palpation by the clinical

pharmacist with the use of digital technology (KMD). Few studies have directly compared
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pulse palpation with the newly available digital technology for the detection of AF, despite

pulse palpation being the recommended method for first-line detection of AF by NICE and

charities such as the Arrhythmia Alliance [31,58]. Three studies reported that pulse palpation

had much lower specificity than the newer technology [59–61]. Indirect comparisons reported

in systematic reviews demonstrated that pulse palpation in six studies showed reasonable sen-

sitivity (0.92 [0.85–0.96]) as a technique; however, specificity (0.82 [0.76–0.88]) was much

lower compared with other methods [29]. In this study, sensitivity and specificity of pulse pal-

pation by the clinical pharmacist was much lower than using the KMD. The KMD had supe-

rior specificity in the detection of AF, with over 5%, fewer false-positive results, than pulse

palpation. The operating capabilities of the KMD and its algorithm in this study were also

found to be comparable to previous studies in similar or different settings, where sensitivity

and specificity varied between 55% and 100% and 82% and 99%, respectively [42,62–65].

Reliance on pulse palpation alone would have resulted in a higher number of false positives

and false negatives. Interestingly, few studies fail to quote the percentage of false discoveries,

i.e., the number of AF diagnoses from all the potential AF diagnoses that were incorrect. This

is perhaps because these numbers appear to be alarmingly high. In this study, pulse palpation

had an FDR of 69%. In other words, using pulse palpation in isolation would have resulted in

65 out of 604 participants being informed that they potentially had AF, but 45 of these would

have been incorrect. The KMD had an FDR of 38.5% (15 out of 39). This is not a negligible

amount, but considerably better than for pulse palpation. The issue of using pulse palpation as

a first step in the detection of AF is that an irregular pulse is an indicator not just of AF but

also of many other conditions [29], and therefore, 70%–87% of all pulse irregularities will not

be AF [66]. Consequently, mass screening using pulse palpation will lead to a high number of

false positives and, to a lesser extent, false negatives when used solely as a screening test for AF

[29,59,60]. For many patients, being told that they possibly had AF would likely cause undue

worry and concern if not dealt with correctly by those doing the screening and would be par-

ticularly problematic if the patient was independently screening themselves.

This study also demonstrated that screening for AF in primary care during the influenza

vaccination season, using a KMD device and clinical pharmacist, was likely to be cost-effective

in nearly 72% of cases at a threshold of £20,000 per QALY, compared with no screening at all.

These health economic outcomes are aligned with health economic evaluations in other stud-

ies using similar conditions [42,43,67].

Interestingly, AF screening results presented here revealed that only seven out 18 patients

with previously diagnosed AF were fully aware of their condition. In line with these findings,

less than 50% of respondents to questionnaires were aware of AF and related health risks prior

to being screened. Although the phenomenon of poor AF awareness amongst the general pub-

lic is not new [68], it highlights the value of healthcare education provided by qualified HCPs,

such as pharmacists, undertaking the screening. In turn, respondents to the questionnaire

appreciated the informative and user-friendly consultation with the pharmacist, which

improved their access to healthcare and provided immediate reassurance. As reported by pre-

vious AF screening studies in primary care [17,69,70], patients were also fascinated by SLECG

technology, showcasing the potential of using KMD as a multipurpose screening and educa-

tional tool by future AF screening initiatives.

Conclusion and policy implications

Future screening initiatives will require the involvement of HCPs based in general practices, in

particular, clinical pharmacists. Clinical pharmacists can mitigate stress that may occur due to

false discoveries; have the potential to treat and manage both the condition and the associated
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risk factors linked to other coexisting diseases; and can educate the population about the dis-

ease. Their participation can assure the longevity of any future AF screening programmes.

This study highlights the need for a change in guidelines to move from less reliable and less

sensitive practices such as pulse palpation as the first line of AF detection to the adoption of

specifically purposed modern technology.

Future direction

The present study has demonstrated that coupling an AF screening initiative with the influ-

enza vaccination programme is feasible and cost-effective and has a high degree of acceptabil-

ity to patients. However, key questions remain relating to whether this model could be

upscaled and delivered by pharmacists or other HCPs, in all GP practices, and without the

’insurance’ of a cardiologist screening all ECGs. Acceptability by patients has been reported

here; however, the key barriers perceived by policymakers that have prevented the adoption of

a national programme are yet to be explored. Furthermore, the service is not equitable, because

although it was freely available to all, those who are more proactive about their health are more

likely to participate. Further research, therefore, needs to focus on more inclusive strategies to

ensure that routine AF screening is available to those from differing social, economic, and cul-

tural backgrounds.

Supporting information

S1 STARD Checklist. STARD, Standard for the reporting of diagnostic accuracy studies

checklist.

(PDF)

S1 Supporting Information. Cost-effectiveness evaluation Probabilistic sensitivity analysis,

Markov simulation model, Monte Carlo simulation model.

(DOCX)

S1 Appendix. Patient questionnaire template.

(PDF)

S2 Appendix. Demographic, pulse palpation, ECG, case report data.

(XLSX)

S3 Appendix. Enhanced demographic and follow-up data. Medical history, CHA2DS2VASc

score, HAS-BLED score, investigations, anticoagulation. CHA2DS2-VASc, Congestive heart

failure, Hypertension, Age� 75, Diabetes, previous Stroke, Vascular disease, Age 65–74 years,

Sex category.

(XLSX)

S4 Appendix. Demographic comparison of random normal and possible-AF participants.

Medical history, CHA2DS2VASc score, HAS-BLED score. AF, atrial fibrillation; CHA2DS2-

VASc, Congestive heart failure, Hypertension, Age� 75, Diabetes, previous Stroke, Vascular

disease, Age 65–74 years, Sex category.

(XLSX)

S5 Appendix. Participant feedback questionnaire responses.

(XLSX)

PLOS MEDICINE Pharmacists Detecting Atrial Fibrillation (PDAF)

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003197 July 17, 2020 16 / 21

http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1003197.s001
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1003197.s002
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1003197.s003
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1003197.s004
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1003197.s005
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1003197.s006
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1003197.s007
https://doi.org/10.1371/journal.pmed.1003197


Acknowledgments

We thank Kent Community NHS Foundation Trust for providing and allowing clinical phar-

macists from their team to participate in this study. We also thank all of the participating GP

surgeries from the NHS Canterbury and Coastal Clinical Commissioning Group for support-

ing this research, with special thanks to the Medical Research Administration Lead, Nichola

Lee, who assisted with patient follow-up and data collection. Finally, we would like to thank

the members of the PIPS group for all their help and advice.

Author Contributions

Conceptualization: Adrian J. Stewart, Alistair Mathie, Emma L. Veale.

Data curation: Vilius Savickas, Alistair Mathie.

Formal analysis: Vilius Savickas, Alistair Mathie, Emma L. Veale.

Funding acquisition: Sarah A. Corlett, Alistair Mathie, Emma L. Veale.

Investigation: Vilius Savickas, Adrian J. Stewart, Melanie Rees-Roberts, Vanessa Short, Alis-

tair Mathie, Emma L. Veale.

Methodology: Adrian J. Stewart, Melanie Rees-Roberts, Sukvinder K. Bhamra, Sarah A. Cor-

lett, Alistair Mathie, Emma L. Veale.

Project administration: Melanie Rees-Roberts, Vanessa Short, Emma L. Veale.

Supervision: Vanessa Short, Sukvinder K. Bhamra, Alistair Mathie, Emma L. Veale.

Validation: Adrian J. Stewart, Emma L. Veale.

Visualization: Sukvinder K. Bhamra, Sarah A. Corlett, Emma L. Veale.

Writing – original draft: Vilius Savickas, Alistair Mathie, Emma L. Veale.

Writing – review & editing: Vilius Savickas, Adrian J. Stewart, Melanie Rees-Roberts, Vanessa

Short, Sukvinder K. Bhamra, Sarah A. Corlett, Alistair Mathie, Emma L. Veale.

References
1. King S, Fitzgerald A, Bartlett C, Mahon J, Arber M, Carr E, et al. The UK NSC recommendation on Atrial

Fibrillation screening in adults [Internet]. 2019 [cited 2020 Jan 14]. Available from: https://

legacyscreening.phe.org.uk/atrialfibrillation.

2. Ball J, Carrington MJ, McMurray JJ, Stewart S. Atrial fibrillation: profile and burden of an evolving epi-

demic in the 21st century. Int J Cardiol. 2013; 167(5):1807–24. https://doi.org/10.1016/j.ijcard.2012.12.

093 PMID: 23380698

3. Williams BA, Honushefsky AM, Berger PB. Temporal Trends in the Incidence, Prevalence, and Survival

of Patients With Atrial Fibrillation From 2004 to 2016. Am J Cardiol. 2017; 120(11):1961–5. https://doi.

org/10.1016/j.amjcard.2017.08.014 PMID: 29033050

4. Marini C, De Santis F, Sacco S, Russo T, Olivieri L, Totaro R, et al. Contribution of atrial fibrillation to

incidence and outcome of ischemic stroke: results from a population-based study. Stroke. 2005; 36

(6):1115–9. https://doi.org/10.1161/01.STR.0000166053.83476.4a PMID: 15879330

5. Santhanakrishnan R, Wang N, Larson MG, Magnani JW, McManus DD, Lubitz SA, et al. Atrial Fibrilla-

tion Begets Heart Failure and Vice Versa: Temporal Associations and Differences in Preserved Versus

Reduced Ejection Fraction. Circulation. 2016; 133(5):484–92. https://doi.org/10.1161/

CIRCULATIONAHA.115.018614 PMID: 26746177

6. Stewart S, Murphy NF, Walker A, McGuire A, McMurray JJ. Cost of an emerging epidemic: an eco-

nomic analysis of atrial fibrillation in the UK. Heart. 2004; 90(3):286–92. https://doi.org/10.1136/hrt.

2002.008748 PMID: 14966048

7. England NHS. The NHS Long Term Plan [Internet]. 2019 [cited 2020 Jany 14]. Available from: https://

www.longtermplan.nhs.uk/publication/nhs-long-term-plan/.

PLOS MEDICINE Pharmacists Detecting Atrial Fibrillation (PDAF)

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003197 July 17, 2020 17 / 21

https://legacyscreening.phe.org.uk/atrialfibrillation
https://legacyscreening.phe.org.uk/atrialfibrillation
https://doi.org/10.1016/j.ijcard.2012.12.093
https://doi.org/10.1016/j.ijcard.2012.12.093
http://www.ncbi.nlm.nih.gov/pubmed/23380698
https://doi.org/10.1016/j.amjcard.2017.08.014
https://doi.org/10.1016/j.amjcard.2017.08.014
http://www.ncbi.nlm.nih.gov/pubmed/29033050
https://doi.org/10.1161/01.STR.0000166053.83476.4a
http://www.ncbi.nlm.nih.gov/pubmed/15879330
https://doi.org/10.1161/CIRCULATIONAHA.115.018614
https://doi.org/10.1161/CIRCULATIONAHA.115.018614
http://www.ncbi.nlm.nih.gov/pubmed/26746177
https://doi.org/10.1136/hrt.2002.008748
https://doi.org/10.1136/hrt.2002.008748
http://www.ncbi.nlm.nih.gov/pubmed/14966048
https://www.longtermplan.nhs.uk/publication/nhs-long-term-plan/
https://www.longtermplan.nhs.uk/publication/nhs-long-term-plan/
https://doi.org/10.1371/journal.pmed.1003197


8. Kirchhof P, Benussi S, Kotecha D, Ahlsson A, Atar D, Casadei B, et al. 2016 ESC Guidelines for the

management of atrial fibrillation developed in collaboration with EACTS. Eur Heart J. 2016; 37

(38):2893–962. https://doi.org/10.1093/eurheartj/ehw210 PMID: 27567408

9. Freedman B, Camm J, Calkins H, Healey JS, Rosenqvist M, Wang J, et al. Screening for Atrial Fibrilla-

tion: A Report of the AF-SCREEN International Collaboration. Circulation. 2017; 135(19):1851–67.

https://doi.org/10.1161/CIRCULATIONAHA.116.026693 PMID: 28483832

10. Zoni-Berisso M, Lercari F, Carazza T, Domenicucci S. Epidemiology of atrial fibrillation: European per-

spective. Clin Epidemiol. 2014; 6:213–20. https://doi.org/10.2147/CLEP.S47385 PMID: 24966695

11. Staerk L, Wang B, Preis SR, Larson MG, Lubitz SA, Ellinor PT, et al. Lifetime risk of atrial fibrillation

according to optimal, borderline, or elevated levels of risk factors: cohort study based on longitudinal

data from the Framingham Heart Study. Bmj. 2018; 361:k1453. https://doi.org/10.1136/bmj.k1453

PMID: 29699974

12. Staerk L, Sherer JA, Ko D, Benjamin EJ, Helm RH. Atrial Fibrillation: Epidemiology, Pathophysiology,

and Clinical Outcomes. Circulation research. 2017; 120(9):1501–17. https://doi.org/10.1161/

CIRCRESAHA.117.309732 PMID: 28450367

13. Watanabe H, Watanabe T, Sasaki S, Nagai K, Roden DM, Aizawa Y. Close bidirectional relationship

between chronic kidney disease and atrial fibrillation: the Niigata preventive medicine study. Am Heart

J. 2009; 158(4):629–36. https://doi.org/10.1016/j.ahj.2009.06.031 PMID: 19781424

14. Benjamin EJ, Levy D, Vaziri SM, D’Agostino RB, Belanger AJ, Wolf PA. Independent risk factors for

atrial fibrillation in a population-based cohort. The Framingham Heart Study. JAMA. 1994; 271

(11):840–4. PMID: 8114238

15. Kingston A, Robinson L, Booth H, Knapp M, Jagger C. Projections of multi-morbidity in the older popula-

tion in England to 2035: estimates from the Population Ageing and Care Simulation (PACSim) model.

Age Ageing. 2018; 47(3):374–80. https://doi.org/10.1093/ageing/afx201 PMID: 29370339

16. NHS Digital. Trends in Consultation Rates in General Practice—1995–2009 [Internet]. 2019 [cited 2020

Jan 14]. Available from: https://digital.nhs.uk/data-and-information/publications/statistical/trends-in-

consultation-rates-in-general-practice/trends-in-consultation-rates-in-general-practice-1995-2009.

17. Orchard J, Freedman SB, Lowres N, Peiris D, Neubeck L. iPhone ECG screening by practice nurses

and receptionists for atrial fibrillation in general practice: the GP-SEARCH qualitative pilot study. Aust

Fam Physician. 2014; 43(5):315–9. PMID: 24791776

18. Orchard J, Lowres N, Freedman SB, Ladak L, Lee W, Zwar N, et al. Screening for atrial fibrillation during

influenza vaccinations by primary care nurses using a smartphone electrocardiograph (iECG): A feasi-

bility study. European journal of preventive cardiology. 2016; 23(2 suppl):13–20. https://doi.org/10.

1177/2047487316670255 PMID: 27892421

19. Kaasenbrood F, Hollander M, Rutten FH, Gerhards LJ, Hoes AW, Tieleman RG. Yield of screening for

atrial fibrillation in primary care with a hand-held, single-lead electrocardiogram device during influenza

vaccination. Europace. 2016; 18(10):1514–20. https://doi.org/10.1093/europace/euv426 PMID:

26851813

20. Hobbs FD, Fitzmaurice DA, Mant J, Murray E, Jowett S, Bryan S, et al. A randomised controlled trial

and cost-effectiveness study of systematic screening (targeted and total population screening) versus

routine practice for the detection of atrial fibrillation in people aged 65 and over. The SAFE study. Health

Technol Assess. 2005; 9(40):iii–iv, ix-x, 1–74. https://doi.org/10.3310/hta9400 PMID: 16202350

21. Morgan S, Mant D. Randomised trial of two approaches to screening for atrial fibrillation in UK general

practice. Br J Gen Pract. 2002; 52(478):373–80. PMID: 12014534

22. The Kings Fund. Closing the gap: key areas for action on the health and care workforce [Internet]. 2019

[cited 2020 Jan 14]. Available from: https://www.kingsfund.org.uk/sites/default/files/2019-03/closing-

the-gap-health-care-workforce-overview_0.pdf.

23. NHS England. NHS survey says nine out of 10 patients have ‘confidence and trust’ in their GP [Internet].

2019 [cited 2020 Jan 14]. Available from: https://www.england.nhs.uk/2019/07/nine-out-of-10-patients-

have-confidence-and-trust-in-their-gp/.

24. NHS England and British Medical Association. Investment and evolution: A five-year framework for GP

contract reform to implement The NHS Long Term Plan [Internet]. 2019 [cited 2020 Jan 14]. Available

from: https://www.england.nhs.uk/wp-content/uploads/2019/01/gp-contract-2019.pdf.

25. NHS England. Five-year deal to expand GP services and kick start NHS Long Term Plan implementa-

tion [Internet]. 2019 [cited 2020 Jan 14]. Available from: https://www.england.nhs.uk/2019/01/five-year-

deal-to-expand-gp-services-and-kick-start-nhs-long-term-plan-implementation/.

26. NHS England and Health Education England. Clinical pharmacists in general practice pilot [Internet].

2015 [cited 2020 Jan 14]. Available from: https://www.england.nhs.uk/commissioning/wp-content/

uploads/sites/12/2015/07/clinical-pharmacists-gp-pilot.pdf.

PLOS MEDICINE Pharmacists Detecting Atrial Fibrillation (PDAF)

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003197 July 17, 2020 18 / 21

https://doi.org/10.1093/eurheartj/ehw210
http://www.ncbi.nlm.nih.gov/pubmed/27567408
https://doi.org/10.1161/CIRCULATIONAHA.116.026693
http://www.ncbi.nlm.nih.gov/pubmed/28483832
https://doi.org/10.2147/CLEP.S47385
http://www.ncbi.nlm.nih.gov/pubmed/24966695
https://doi.org/10.1136/bmj.k1453
http://www.ncbi.nlm.nih.gov/pubmed/29699974
https://doi.org/10.1161/CIRCRESAHA.117.309732
https://doi.org/10.1161/CIRCRESAHA.117.309732
http://www.ncbi.nlm.nih.gov/pubmed/28450367
https://doi.org/10.1016/j.ahj.2009.06.031
http://www.ncbi.nlm.nih.gov/pubmed/19781424
http://www.ncbi.nlm.nih.gov/pubmed/8114238
https://doi.org/10.1093/ageing/afx201
http://www.ncbi.nlm.nih.gov/pubmed/29370339
https://digital.nhs.uk/data-and-information/publications/statistical/trends-in-consultation-rates-in-general-practice/trends-in-consultation-rates-in-general-practice-1995-2009
https://digital.nhs.uk/data-and-information/publications/statistical/trends-in-consultation-rates-in-general-practice/trends-in-consultation-rates-in-general-practice-1995-2009
http://www.ncbi.nlm.nih.gov/pubmed/24791776
https://doi.org/10.1177/2047487316670255
https://doi.org/10.1177/2047487316670255
http://www.ncbi.nlm.nih.gov/pubmed/27892421
https://doi.org/10.1093/europace/euv426
http://www.ncbi.nlm.nih.gov/pubmed/26851813
https://doi.org/10.3310/hta9400
http://www.ncbi.nlm.nih.gov/pubmed/16202350
http://www.ncbi.nlm.nih.gov/pubmed/12014534
https://www.kingsfund.org.uk/sites/default/files/2019-03/closing-the-gap-health-care-workforce-overview_0.pdf
https://www.kingsfund.org.uk/sites/default/files/2019-03/closing-the-gap-health-care-workforce-overview_0.pdf
https://www.england.nhs.uk/2019/07/nine-out-of-10-patients-have-confidence-and-trust-in-their-gp/
https://www.england.nhs.uk/2019/07/nine-out-of-10-patients-have-confidence-and-trust-in-their-gp/
https://www.england.nhs.uk/wp-content/uploads/2019/01/gp-contract-2019.pdf
https://www.england.nhs.uk/2019/01/five-year-deal-to-expand-gp-services-and-kick-start-nhs-long-term-plan-implementation/
https://www.england.nhs.uk/2019/01/five-year-deal-to-expand-gp-services-and-kick-start-nhs-long-term-plan-implementation/
https://www.england.nhs.uk/commissioning/wp-content/uploads/sites/12/2015/07/clinical-pharmacists-gp-pilot.pdf
https://www.england.nhs.uk/commissioning/wp-content/uploads/sites/12/2015/07/clinical-pharmacists-gp-pilot.pdf
https://doi.org/10.1371/journal.pmed.1003197


27. Bradley F, Seston E, Mannall C, Cutts C. Evolution of the general practice pharmacist’s role in England:

a longitudinal study. The British journal of general practice: the journal of the Royal College of General

Practitioners. 2018; 68(675):e727–e34. https://doi.org/10.3399/bjgp18X698849 PMID: 30154077

28. Mann C, Anderson C, Avery AJ, Waring J, Boyd MJ. Clinical Pharmacists in General Practice: Pilot

scheme Independent Evaluation Report: Full Report [Internet]. 2018 [cited 2020 Jan 14]. Available

from: https://www.nottingham.ac.uk/pharmacy/documents/generalpracticeyearfwdrev/clinical-

pharmacists-in-general-practice-pilot-scheme-full-report.pdf.

29. Taggar JS, Coleman T, Lewis S, Heneghan C, Jones M. Accuracy of methods for detecting an irregular

pulse and suspected atrial fibrillation: A systematic review and meta-analysis. European journal of pre-

ventive cardiology. 2016; 23(12):1330–8. https://doi.org/10.1177/2047487315611347 PMID: 26464292

30. Zungsontiporn N, Link MS. Newer technologies for detection of atrial fibrillation. BMJ (Clinical research

ed). 2018; 363:k3946. https://doi.org/10.1136/bmj.k3946 PMID: 30333105

31. National Institute for Health and Care Excellence. CG180 Atrial fibrillation: management [Internet]. 2014

[cited 2020 Jan 14]. Available from: https://www.nice.org.uk/guidance/cg180.

32. Savickas V, Stewart AJ, Mathie A, Bhamra SK, Corlett SA, Veale EL. P4470Atrial fibrillation screening

in general practice by clinical pharmacists using pulse palpation and single-lead ECG during the influ-

enza vaccination season: a multi-site feasibility study. European Heart Journal. 2018; 39(suppl_1).

https://doi.org/10.1093/eurheartj/ehy565.P1850 PMID: 30270958

33. Veale EL, Stewart AJ, Mathie A, Lall SK, Rees-Roberts M, Savickas V, et al. Pharmacists detecting

atrial fibrillation (PDAF) in primary care during the influenza vaccination season: a multisite, cross-sec-

tional screening protocol. BMJ Open. 2018; 8(3):e021121. https://doi.org/10.1136/bmjopen-2017-

021121 PMID: 29540425

34. Loong T-W. Understanding sensitivity and specificity with the right side of the brain. BMJ (Clinical

research ed). 2003; 327(7417):716–9. https://doi.org/10.1136/bmj.327.7417.716 PMID: 14512479

35. Baratloo A, Hosseini M, Negida A, El Ashal G. Part 1: Simple Definition and Calculation of Accuracy,

Sensitivity and Specificity. Emerg (Tehran). 2015; 3(2):48–9. PMID: 26495380

36. Colquhoun D. An investigation of the false discovery rate and the misinterpretation of p-values. R Soc

Open Sci. 2014; 1(3):140216. https://doi.org/10.1098/rsos.140216 PMID: 26064558

37. Vasconcellos-Silva PR, Carvalho D, Lucena C. Word frequency and content analysis approach to iden-

tify demand patterns in a virtual community of carriers of hepatitis C. Interactive journal of medical

research. 2013; 2(2):e12. https://doi.org/10.2196/ijmr.2384 PMID: 23827772

38. Lavrakas PJ. Content Analysis. Encyclopedia of Survey Research Methods. Thousand Oaks, Califor-

nia2008. p. 141–4.

39. Medical Research Council. Developing and evaluating complex interventions [Internet]. 2008 [cited

2020 Jan 14]. Available from: https://mrc.ukri.org/documents/pdf/complex-interventions-guidance/.

40. Edlin R, McCabe C, Hulme C, Hall P, Wright J. Cost Effectiveness Modelling for Health Technology

Assessment: A Practical Course. London: Adis; 2015.

41. National Institute for Health and Care Excellence. Costing Report: atrial fibrillation implementing the

NICE guideline on atrial fibrillation (CG180) [Internet]. 2014 [cited 2020 Jan 14]. Available from: https://

www.nice.org.uk/guidance/cg180/resources/costing-report-pdf-243730909.

42. Lowres N, Neubeck L, Salkeld G, Krass I, McLachlan AJ, Redfern J, et al. Feasibility and cost-effective-

ness of stroke prevention through community screening for atrial fibrillation using iPhone ECG in phar-

macies. The SEARCH-AF study. Thromb Haemost. 2014; 111(6):1167–76. https://doi.org/10.1160/

TH14-03-0231 PMID: 24687081

43. Jacobs MS, Kaasenbrood F, Postma MJ, van Hulst M, Tieleman RG. Cost-effectiveness of screening

for atrial fibrillation in primary care with a handheld, single-lead electrocardiogram device in the Nether-

lands. Europace. 2018; 20(1):12–8. https://doi.org/10.1093/europace/euw285 PMID: 27733465

44. NICE. The guidelines manual [Internet]. 2012. Available from: https://www.nice.org.uk/process/pmg6/

resources/the-guidelines-manual-pdf-2007970804933.

45. Public Health England. The national flu immunisation programme 2019/20 [Internet]. 2019 [cited 2020

Jan 14]. Available from: https://www.england.nhs.uk/wp-content/uploads/2019/03/annual-national-flu-

programme-2019-to-2020-1.pdf.

46. Musich S, Wang SS, Hawkins K, Yeh CS. Homebound older adults: Prevalence, characteristics, health

care utilization and quality of care. Geriatric nursing (New York, NY). 2015; 36(6):445–50. https://doi.

org/10.1016/j.gerinurse.2015.06.013 PMID: 26254815

47. Shah SM, Carey IM, Harris T, DeWilde S, Cook DG. Quality of chronic disease care for older people in

care homes and the community in a primary care pay for performance system: retrospective study.

BMJ (Clinical research ed). 2011; 342:d912. https://doi.org/10.1136/bmj.d912 PMID: 21385803

PLOS MEDICINE Pharmacists Detecting Atrial Fibrillation (PDAF)

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003197 July 17, 2020 19 / 21

https://doi.org/10.3399/bjgp18X698849
http://www.ncbi.nlm.nih.gov/pubmed/30154077
https://www.nottingham.ac.uk/pharmacy/documents/generalpracticeyearfwdrev/clinical-pharmacists-in-general-practice-pilot-scheme-full-report.pdf
https://www.nottingham.ac.uk/pharmacy/documents/generalpracticeyearfwdrev/clinical-pharmacists-in-general-practice-pilot-scheme-full-report.pdf
https://doi.org/10.1177/2047487315611347
http://www.ncbi.nlm.nih.gov/pubmed/26464292
https://doi.org/10.1136/bmj.k3946
http://www.ncbi.nlm.nih.gov/pubmed/30333105
https://www.nice.org.uk/guidance/cg180
https://doi.org/10.1093/eurheartj/ehy565.P1850
http://www.ncbi.nlm.nih.gov/pubmed/30270958
https://doi.org/10.1136/bmjopen-2017-021121
https://doi.org/10.1136/bmjopen-2017-021121
http://www.ncbi.nlm.nih.gov/pubmed/29540425
https://doi.org/10.1136/bmj.327.7417.716
http://www.ncbi.nlm.nih.gov/pubmed/14512479
http://www.ncbi.nlm.nih.gov/pubmed/26495380
https://doi.org/10.1098/rsos.140216
http://www.ncbi.nlm.nih.gov/pubmed/26064558
https://doi.org/10.2196/ijmr.2384
http://www.ncbi.nlm.nih.gov/pubmed/23827772
https://mrc.ukri.org/documents/pdf/complex-interventions-guidance/
https://www.nice.org.uk/guidance/cg180/resources/costing-report-pdf-243730909
https://www.nice.org.uk/guidance/cg180/resources/costing-report-pdf-243730909
https://doi.org/10.1160/TH14-03-0231
https://doi.org/10.1160/TH14-03-0231
http://www.ncbi.nlm.nih.gov/pubmed/24687081
https://doi.org/10.1093/europace/euw285
http://www.ncbi.nlm.nih.gov/pubmed/27733465
https://www.nice.org.uk/process/pmg6/resources/the-guidelines-manual-pdf-2007970804933
https://www.nice.org.uk/process/pmg6/resources/the-guidelines-manual-pdf-2007970804933
https://www.england.nhs.uk/wp-content/uploads/2019/03/annual-national-flu-programme-2019-to-2020-1.pdf
https://www.england.nhs.uk/wp-content/uploads/2019/03/annual-national-flu-programme-2019-to-2020-1.pdf
https://doi.org/10.1016/j.gerinurse.2015.06.013
https://doi.org/10.1016/j.gerinurse.2015.06.013
http://www.ncbi.nlm.nih.gov/pubmed/26254815
https://doi.org/10.1136/bmj.d912
http://www.ncbi.nlm.nih.gov/pubmed/21385803
https://doi.org/10.1371/journal.pmed.1003197


48. Public Health England. Seasonal influenza vaccine uptake in GP patients: winter season 2018 to 2019

[Internet]. 2019 [cited 2020 Jan 14]. Available from: https://assets.publishing.service.gov.uk/

government/uploads/system/uploads/attachment_data/file/804889/Seasonal_influenza_vaccine_

uptake_in_GP_patients_1819.pdf.

49. Wiesel J, Salomone TJ. Screening for Atrial Fibrillation in Patients >/ = 65 Years Using an Automatic

Blood Pressure Monitor in a Skilled Nursing Facility. The American journal of cardiology. 2017; 120

(8):1322–4. https://doi.org/10.1016/j.amjcard.2017.07.016 PMID: 28821351

50. Kruger K, Sandli M, Geitung J, Eide GE, Grimsmo A. Atrial fibrillation and heart failure in seven nursing

homes. J Nurs Educ Pract. 2012; 2(4):22–32. https://doi.org/10.5430/jnep.v2n4p22

51. Lowres N, Neubeck L, Redfern J, Freedman SB. Screening to identify unknown atrial fibrillation. A sys-

tematic review. Thromb Haemost. 2013; 110(2):213–22. https://doi.org/10.1160/TH13-02-0165 PMID:

23595785

52. GOV.UK. Population of England and Wales [Internet]. 2018 [cited 2020 Jan 14]. Available from: https://

www.ethnicity-facts-figures.service.gov.uk/uk-population-by-ethnicity/national-and-regional-

populations/population-of-england-and-wales/latest#by-ethnicity.

53. Kent.GOV.UK. 2011 Census: Cultural diversity in Kent [Internet]. 2013 [cited 2020 Jan 14]. Available

from: https://www.kent.gov.uk/__data/assets/pdf_file/0009/8559/Cultural-diversity-in-Kent.pdf.pdf.

54. Chan NY, Choy CC. Screening for atrial fibrillation in 13 122 Hong Kong citizens with smartphone elec-

trocardiogram. Heart (British Cardiac Society). 2017; 103(1):24–31. https://doi.org/10.1136/heartjnl-

2016-309993 PMID: 27733533

55. Lowres N, Olivier J, Chao T-F, Chen S-A, Chen Y, Diederichsen A, et al. Estimated stroke risk, yield,

and number needed to screen for atrial fibrillation detected through single time screening: a multicountry

patient-level meta-analysis of 141,220 screened individuals. PLoS Med. 2019; 16(9):e1002903–e.

https://doi.org/10.1371/journal.pmed.1002903 PMID: 31553733

56. Svennberg E, Engdahl J, Al-Khalili F, Friberg L, Frykman V, Rosenqvist M. Mass Screening for

Untreated Atrial Fibrillation: The STROKESTOP Study. Circulation. 2015. https://doi.org/10.1161/

circulationaha.114.014343 PMID: 25910800

57. Weijs B, Pisters R, Nieuwlaat R, Breithardt G, Le Heuzey JY, Vardas PE, et al. Idiopathic atrial fibrilla-

tion revisited in a large longitudinal clinical cohort. Europace: European pacing, arrhythmias, and car-

diac electrophysiology: journal of the working groups on cardiac pacing, arrhythmias, and cardiac

cellular electrophysiology of the European Society of Cardiology. 2012; 14(2):184–90. https://doi.org/

10.1093/europace/eur379 PMID: 22135317

58. Lobban TCA, Breakwell NE, Antoniou S, Hamedi N. P1200identifying the undiagnosed AF patient using

’know your pulse’ campaign during world heart rhythm week 2017. EP Europace. 2018; 20(suppl_1):

i233–i4. https://doi.org/10.1093/europace/euy015.682

59. Quinn FR, Gladstone DJ, Ivers NM, Sandhu RK, Dolovich L, Ling A, et al. Diagnostic accuracy and yield

of screening tests for atrial fibrillation in the family practice setting: a multicentre cohort study. CMAJ

open. 2018; 6(3):E308–e15. https://doi.org/10.9778/cmajo.20180001 PMID: 30072410

60. Somerville S, Somerville J, Croft P, Lewis M. Atrial fibrillation: a comparison of methods to identify

cases in general practice. The British journal of general practice: the journal of the Royal College of

General Practitioners. 2000; 50(458):727–9.

61. Ghazal F, Theobald H, Rosenqvist M, Al-Khalili F. Validity of daily self-pulse palpation for atrial fibrilla-

tion screening in patients 65 years and older: A cross-sectional study. PLoS Med. 2020; 17(3):

e1003063. https://doi.org/10.1371/journal.pmed.1003063 PMID: 32231369

62. Haberman ZC, Jahn RT, Bose R, Tun H, Shinbane JS, Doshi RN, et al. Wireless Smartphone ECG

Enables Large-Scale Screening in Diverse Populations. J Cardiovasc Electrophysiol. 2015; 26(5):520–

6. https://doi.org/10.1111/jce.12634 PMID: 25651872

63. Lau JK, Lowres N, Neubeck L, Brieger DB, Sy RW, Galloway CD, et al. iPhone ECG application for

community screening to detect silent atrial fibrillation: a novel technology to prevent stroke. Int J Cardiol.

2013; 165(1):193–4. https://doi.org/10.1016/j.ijcard.2013.01.220 PMID: 23465249

64. Rajakariar K, Koshy AN, Sajeev JK, Nair S, Roberts L, Teh AW. Accuracy of a smartwatch based sin-

gle-lead electrocardiogram device in detection of atrial fibrillation. Heart (British Cardiac Society). 2020:

heartjnl-2019-316004. https://doi.org/10.1136/heartjnl-2019-316004 PMID: 31911507

65. Desteghe L, Raymaekers Z, Lutin M, Vijgen J, Dilling-Boer D, Koopman P, et al. Performance of hand-

held electrocardiogram devices to detect atrial fibrillation in a cardiology and geriatric ward setting.

Europace. 2017; 19(1):29–39. https://doi.org/10.1093/europace/euw025 PMID: 26893496

66. Harris K, Edwards D, Mant J. How can we best detect atrial fibrillation? The journal of the Royal College

of Physicians of Edinburgh. 2012; 42 Suppl 18:5–22. https://doi.org/10.4997/jrcpe.2012.s02 PMID:

22518390

PLOS MEDICINE Pharmacists Detecting Atrial Fibrillation (PDAF)

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003197 July 17, 2020 20 / 21

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/804889/Seasonal_influenza_vaccine_uptake_in_GP_patients_1819.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/804889/Seasonal_influenza_vaccine_uptake_in_GP_patients_1819.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/804889/Seasonal_influenza_vaccine_uptake_in_GP_patients_1819.pdf
https://doi.org/10.1016/j.amjcard.2017.07.016
http://www.ncbi.nlm.nih.gov/pubmed/28821351
https://doi.org/10.5430/jnep.v2n4p22
https://doi.org/10.1160/TH13-02-0165
http://www.ncbi.nlm.nih.gov/pubmed/23595785
https://www.ethnicity-facts-figures.service.gov.uk/uk-population-by-ethnicity/national-and-regional-populations/population-of-england-and-wales/latest#by-ethnicity
https://www.ethnicity-facts-figures.service.gov.uk/uk-population-by-ethnicity/national-and-regional-populations/population-of-england-and-wales/latest#by-ethnicity
https://www.ethnicity-facts-figures.service.gov.uk/uk-population-by-ethnicity/national-and-regional-populations/population-of-england-and-wales/latest#by-ethnicity
https://www.kent.gov.uk/__data/assets/pdf_file/0009/8559/Cultural-diversity-in-Kent.pdf.pdf
https://doi.org/10.1136/heartjnl-2016-309993
https://doi.org/10.1136/heartjnl-2016-309993
http://www.ncbi.nlm.nih.gov/pubmed/27733533
https://doi.org/10.1371/journal.pmed.1002903
http://www.ncbi.nlm.nih.gov/pubmed/31553733
https://doi.org/10.1161/circulationaha.114.014343
https://doi.org/10.1161/circulationaha.114.014343
http://www.ncbi.nlm.nih.gov/pubmed/25910800
https://doi.org/10.1093/europace/eur379
https://doi.org/10.1093/europace/eur379
http://www.ncbi.nlm.nih.gov/pubmed/22135317
https://doi.org/10.1093/europace/euy015.682
https://doi.org/10.9778/cmajo.20180001
http://www.ncbi.nlm.nih.gov/pubmed/30072410
https://doi.org/10.1371/journal.pmed.1003063
http://www.ncbi.nlm.nih.gov/pubmed/32231369
https://doi.org/10.1111/jce.12634
http://www.ncbi.nlm.nih.gov/pubmed/25651872
https://doi.org/10.1016/j.ijcard.2013.01.220
http://www.ncbi.nlm.nih.gov/pubmed/23465249
https://doi.org/10.1136/heartjnl-2019-316004
http://www.ncbi.nlm.nih.gov/pubmed/31911507
https://doi.org/10.1093/europace/euw025
http://www.ncbi.nlm.nih.gov/pubmed/26893496
https://doi.org/10.4997/jrcpe.2012.s02
http://www.ncbi.nlm.nih.gov/pubmed/22518390
https://doi.org/10.1371/journal.pmed.1003197


67. Welton NJ, McAleenan A, Thom HH, Davies P, Hollingworth W, Higgins JP, et al. Screening strategies

for atrial fibrillation: a systematic review and cost-effectiveness analysis. Health Technol Assess. 2017;

21(29):1–236. https://doi.org/10.3310/hta21290 PMID: 28629510

68. Lane DA, Ponsford J, Shelley A, Sirpal A, Lip GY. Patient knowledge and perceptions of atrial fibrillation

and anticoagulant therapy: effects of an educational intervention programme. The West Birmingham

Atrial Fibrillation Project. Int J Cardiol. 2006; 110(3):354–8. https://doi.org/10.1016/j.ijcard.2005.07.031

PMID: 16253356

69. Lowres N, Krass I, Neubeck L, Redfern J, McLachlan AJ, Bennett AA, et al. Atrial fibrillation screening

in pharmacies using an iPhone ECG: a qualitative review of implementation. Int J Clin Pharm. 2015; 37

(6):1111–20. https://doi.org/10.1007/s11096-015-0169-1 PMID: 26202627

70. Halcox JPJ, Wareham K, Cardew A, Gilmore M, Barry JP, Phillips C, et al. Assessment of Remote

Heart Rhythm Sampling Using the AliveCor Heart Monitor to Screen for Atrial Fibrillation: The

REHEARSE-AF Study. Circulation. 2017; 136(19):1784–94. https://doi.org/10.1161/

CIRCULATIONAHA.117.030583 PMID: 28851729

PLOS MEDICINE Pharmacists Detecting Atrial Fibrillation (PDAF)

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003197 July 17, 2020 21 / 21

https://doi.org/10.3310/hta21290
http://www.ncbi.nlm.nih.gov/pubmed/28629510
https://doi.org/10.1016/j.ijcard.2005.07.031
http://www.ncbi.nlm.nih.gov/pubmed/16253356
https://doi.org/10.1007/s11096-015-0169-1
http://www.ncbi.nlm.nih.gov/pubmed/26202627
https://doi.org/10.1161/CIRCULATIONAHA.117.030583
https://doi.org/10.1161/CIRCULATIONAHA.117.030583
http://www.ncbi.nlm.nih.gov/pubmed/28851729
https://doi.org/10.1371/journal.pmed.1003197

