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Background: Atrial fibrillation (AF) is a prevalent and preventable cause of

stroke and mortality.

Aim: This systematic review and meta-analysis aimed to investigate the

sensitivity and specificity of o�ce and out-of-o�ce automated blood pressure

(BP) devices to detect AF.

Methods: Diagnostic studies, extracted from databases such as Ovid Medline

and Embase, on AF detection by BP device(s), electrocardiography, and

reported sensitivity and specificity, were included. Screening of abstracts

and full texts, data extraction, and quality assessment were conducted

independently by two investigators using Covidence software. The sensitivity

and specificity of the BP devices were pooled using a random-e�ects model.

Results: Sixteen studies including 10,158 participants were included. Only a

few studies were conducted in primary care (n = 3) or with a low risk of bias

(n = 5). O�ce BP devices, which utilised di�erent algorithms to detect AF,

had a sensitivity and specificity of 96.2 and 94%, respectively. Specificity was

reduced when only one positive result was considered among consecutive

BP measurements. Only a few studies (n = 3) investigated out-of-o�ce BP.

Only one study (n = 100) suggested the use of ≥79 and ≥26% of positive

readings on 24-h ambulatory BP measurements to detect AF and paroxysmal

AF, respectively.

Conclusions: O�ce BP devices can be used clinically to screen for AF in

high-risk populations. Clinical trials are needed to determine the e�ect of AF

screening using o�ce BP devices in reducing stroke risk and mortality. Further

studies are also required to guide out-of-o�ce use of BP devices for detecting

paroxysmal AF or AF.

Systematic review registration: https://www.crd.york.ac.uk/prospero/

display_record.php?ID=CRD42022319541, PROSPERO CRD42022319541.
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Introduction

Atrial fibrillation (AF) is an independent and preventable

cause of stroke; patients with AF have a more than twofold

increased stroke risk (1). Furthermore, AF is associated with

systematic embolism, dementia, and mortality (2, 3). The

prevalence of AF increases with age, affecting 17.8% of adults

aged ≥ 85 years (4). Despite the associated complications, AF

is consistently under diagnosed due to frequent asymptomatic

occurrences (5). Once diagnosed, AF-related stroke and

death can be effectively prevented by administration of

oral anticoagulants in high-risk patients (6, 7), and hence,

most international guidelines recommend regular screening

of individuals aged > 65 years for AF (8–10). Preliminary

evidence suggests that AF screening enhances detection rates

and increases anticoagulant prescriptions (11, 12).

Ironically, the best AF screening method is still unknown.

Although international guidelines suggest the application of

opportunistic pulse palpation or 12-lead electrocardiogram

(ECG) for AF screening, pulse palpation is only modestly

accurate (sensitivity, 91%; specificity, 74%). Furthermore, pulse

palpation was most commonly conducted during manual BP

measurements using a mercury or aneroid device, which have

been progressively replaced by automated devices (13, 14). The

12-lead ECGs interpreted by cardiologists remain the reference

standard to diagnose AF; however, systematic use of this method

can be costly and may burden healthcare systems (14). In

the past two decades, various automated blood pressure (BP)

devices have incorporated irregular heartbeat detectors or AF

detectors, allowing affordable and feasible AF screening (15).

As most international guidelines recommend regular screening

of hypertension (HT) in adults, these automated BP machines

can simultaneously screen for AF (16). The use of BP devices

may also automatically target high-risk populations because up

to 90% of patients with AF also experience HT (14).

A high-quality diagnostic meta-analysis on AF screening

using automated BP devices is lacking. Previous meta-analyses

have had the following limitations: (i) conducted using only a

few studies (as few as 4), (ii) investigated only Microlife devices,

(iii) did not investigate different AF detection algorithms,

(iv) did not discuss out-of-office BP devices, (v) did not

conduct relevant subgroup/sensitivity analyses despite high

heterogeneity in the results, or (vi) meta-analysed sensitivity and

specificity data separately (which is not recommended because

sensitivity and specificity are often correlated) (14, 17–21). The

National Institute for Health and Clinical excellence (NICE)

guidelines validated and recommended only the Watch BP

Home A (Microlife AF, Switzerland) automated BP machine

Abbreviations: ABPM, ambulatory blood pressure monitoring; AF, atrial

fibrillation; BP, blood pressure; HBPM: home blood pressure monitoring

HT, hypertension; pAF, paroxysmal AF.

(22). In contrast to the Food and Drugs Administration

(FDA)-approved AF detector used by Watch BP, other BP

devices use irregular heartbeat monitors, which are not FDA-

approved and may use different algorithms which were

not described in previous systematic reviews (14). Hence,

it is not known whether these automated BP machines

have similar accuracy. Furthermore, although out-of-office

BP measurements (including 24-h ambulatory BP monitoring

[ABPM] and home BP monitoring [HBPM]) are increasingly

recommended by international guidelines to diagnose and

manage HT, their sensitivity and specificity to detect AF have

not been adequately analysed by previous reviews. Repeated

BP measurements during HBPM or ABPM allows detection of

AF as well as paroxysmal AF (pAF); pAF carries comparable

stroke risk to persistent AF (14, 23). The latest meta-analysis

used single-lead ECG as the reference standard; however, single-

lead ECG has a sensitivity and specificity of 93.9 and 90.1%,

respectively, of detecting AF when compared to a 12-lead ECG,

and is therefore not recommended (17, 24).

This study aimed to investigate the sensitivity and specificity

of automated BP devices in detecting AF. Whenever feasible,

subgroup analyses (e.g., office BP vs. HBPM/ABPM and between

different BP devices) were conducted. In addition to 12-lead

ECG, continuous ECG monitoring techniques (such as 24-h

Holter monitoring) were included in studies investigating AF

detection by ABPM or HBPM (12, 25). To summarise into

the Participants, Index test, Reference standards and Outcomes

(PIRO) format: P = adults with or without diagnosis of HT; I

= detection of AF by automated BP devices; R = 12-lead ECG

(or other continuous ECG methods for HBPM/ABPM); O =

sensitivity and specificity to detect AF.

Methods

This study was registered on PROSPERO

(no.: CRD42022319541).

Study eligibility

All diagnostic and observational studies in which the same

participants, who were at least 18 years of age (with or without

HT), underwent AF detection using automated BP device(s) and

12-lead ECG (or continuous ECG technique [for ABPM/HBPM

studies]) were included. Further, studies that reported sensitivity

and specificity (or equivalent raw data), and those published

in English were included. Studies on pregnant or paediatric

populations were excluded due to associated increased sinus

arrhythmias (26). Animal studies, commentaries, and reviews

were also excluded. As abstracts presented at major HT

conferences were published in international peer-reviewed

journals, the search strategies were able to find studies that had
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not been published. When only abstracts were available, the

authors were contacted for any published reports or articles.

Search strategy

The databases Ovid Medline, Embase, Scopus, CINAHL

complete, and Web of Science were searched from inception

until March 2, 2022. Keywords such as “ambulatory blood

pressure”, “automated office blood pressure”, “automated

oscillometric blood pressure, blood pressure monitor, blood

pressure device, and atrial fibrillation” were used as search

terms. The search was limited to studies in English and those

involving only adults. The detailed search strategies used for

these databases are presented in Supplementary Table S1.

Study screening and data extraction

Studies resulting from the search were imported into the

Covidence program (Covidence systematic review software,

Veritas Health Innovation, Melbourne, Australia; available

at www.covidence.org). Two investigators (EKP and TWL)

independently assessed the eligibility of the studies by screening

the titles and abstracts, and subsequently the full texts in

the Covidence program. Authors were contacted to assess

the possibility of duplicated data when suspected. Data were

extracted independently by two investigators (EKP and TWL).

Any differences between the eligibility assessment and data

extraction were resolved by consensus.

The following data were extracted from the included

studies: (i) study characteristics (e.g., number of participants,

conducted in primary care or specialist centre, and funding

source); (ii) participants” demographic details (age, sex, and

comorbidities); (iii) details of automated BP measurement

methods (ABPM/HBPM/office BP, device model, number of

measurements, algorithms to detect AF); (iv) details of reference

standard (12-lead ECG or continuous ECG methods), and (v)

sensitivity/specificity of automated BP devices to detect AF.

Quality assessment

The quality assessment was based on QUADAS-2, which

was developed for systematic reviews of diagnostic accuracy

studies (27). Under the domain “reference test,” we considered

the risk-of-bias to be low if the ECGs were interpreted by

cardiologists because general practitioners have lower sensitivity

to detect AF on ECGs (14). Under the domain “flow and timing,”

we considered the risk-of-bias to be low if the index tests

were carried out immediately before or after or simultaneously

with the reference tests because AF can self-terminate (i.e.,

paroxysmal AF). The study was at low risk of bias only when

FIGURE 1

PRISMA flowchart.

all signalling questions were not concerned, while all other

studies were categorised under unknown risk or high risk of

bias. Quality assessments were independently conducted by EKP

and TWL.

Analysis

All meta-analyses were conducted using Stata software

(StataCorp. 2021. Stata Statistical Software: Release 17. College

Station, TX, StataCorp LLC) unless specified. Sensitivity and

specificity of automated BP devices were pooled using the

“metandi” function and a random effect model (this model was

used because studies were conducted in different populations

with different models of automated BP devices). Subgroup

analyses were conducted for (i) office BP versus out-of-office

BP, (ii) number of BP measurements to detect AF, and (iii)

devices from different manufacturers. Sensitivity analyses were

conducted with (i) only studies with a low risk of bias, (ii)

only BP devices that were found to be validated for BP

measurements (as listed on www.stridebp.org), (iii) studies with

a higher prevalence of AF (at ≥15 and 20%), (iv) studies

conducted in specialist centres, and (v) studies receiving funding

from BP device manufacturers. Microlife devices (which is the

preferred device by the NICE guideline) were used in the main

analysis because some included studies compared Microlife

with non-Microlife devices. Heterogeneity was assessed by

visual inspection of the scatter plot in the receiver operating

characteristic (ROC) plane, and calculation of the area of the

95% prediction ellipse and median odds ratio (MOR; possible
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values of median odds ratio ranged from 1 [no heterogeneity]

to infinity [high heterogeneity]) (28). Calculation of area of

the 95% prediction ellipse and MOR were conducted using R

(R: A language and environment for statistical computing. R

Foundation for Statistical Computing, Vienna, Austria.) and

specific formula respectively (28).

Results

Characteristics of included studies

Of the 1961 studies identified, 16 were included in the

analysis (Figure 1) (15, 22, 24, 29–41). Most studies investigated

the detection of AF by BP devices in office settings (n = 13),

and only a few investigated AF detection by ABPM (n = 2) and

HBPM (n = 1). Six (37.5%) studies used BP devices that were

not clinically validated for BP measurements by international

hypertension organisations (www.stridebp.org). The included

studies investigated BP devices produced by Microlife (n = 11,

[5 used Watch BP series]), Omron (n = 5), A&D (n = 1),

and OSTAR Meditech Corp (n = 1) (Table 1). The BP devices

used different algorithms to detect AF; the algorithms used by

Omron were unclear despite our personal communication with

the manufacturer (Supplementary Table S2A). In particular, the

Heart Spectrum BP Monitor by OSTAR Meditech Corp used

a substantially different method (i.e., fast Fourier transform

analysis) to detect AF and was therefore not included in

the meta-analyses (Supplementary Table S2A) (33). Different

criteria to detect AF by the Heart Spectrum BP monitor (n

= 29) were also investigated, and no single overall sensitivity

(ranging from 90-100%) and specificity (ranging from 94–100%)

was provided (33).

Each included study recruited 48–5969 participants, and

a total of 10,158 participants were included in this review.

Although only 7.3% of the participants showed AF, the

prevalence of AF was high (≥15%) in most of the studies (n

= 10) (Supplementary Table S2B; Table 1). The mean age of

participants was 68.9 years. Most of the participants were female

(50.9%), had HT (77.3%), and had no diabetes mellitus (62%)

(Supplementary Table S2B).

We identified only five studies (31.3%) with a low risk of

bias because many studies employed the case-control design or

were recruited from highly specialised settings, limiting their

external validity (Figure 2). Further, only three studies (18.8%)

were conducted in primary care settings.

‘

O�ce BP

When used in the office, BP devices had a sensitivity

of 96.2% (95% confidence interval [CI]: 92.3–98.2%) and

specificity of 94.0% (95% CI: 90.9–96.1%) to detect AF;

the results were homogeneous (prediction ellipse area:

4.8%, MOR for sensitivity: 2.37, MOR for specificity: 2.02;

Figure 3). Instead of using ≥2 BP measurements to detect

AF (i.e., ≥2 AF detected out of two or three consecutive

BP measurements), a few studies reported using only one

BP measurement to detect AF (36–38, 40). Although most

of these studies reported similar sensitivity and specificity,

specificity may be reduced in studies that detected AF using

any positive result among three consecutive BP measurements

(Supplementary Figures S3A,S3B; meta-analysis was not

conducted due to high heterogeneity and inadequate number

of studies.) (36–38, 40). Stergiou et al. and Watanabe et al.

directly compared the effect of different numbers of BP

measurements and found better sensitivity and specificity when

the “majority rule” (i.e., ≥2 positive readings out of two or three

measurements) were used (37, 38).

Other subgroup and sensitivity analyses, including different

BP devices and only low-risk-of-bias studies, yielded comparable

sensitivities and specificities (Supplementary Table S4).

Although the Omron device subgroup had wide 95%

CIs, this can be explained by an outlier (Wiesel,

Arbesfeld, and Schechter 2014) reporting a sensitivity of

30% (40).

Out-of-o�ce BP

The limited number of studies (n = 3) precluded a

meta-analysis for the out-of-office BP subgroup analysis. All

relevant studies used Microlife devices (Microlife WatchBP O3

Afib [ABPM] and Microlife BPM BP3MQ1-2D [HBPM]).

Huppertz et al. (n= 48, compared to implanted pacemaker)

and Kollias et al. (n = 100, compared to 24-h Holter) reported

sensitivity and specificity of each ABPM reading, which were

76–93% and 81–87%, respectively (Figure 4) (32, 34). Kollias

et al. further suggested the use of ≥79 and ≥26% of positive

readings on ABPM to detect persistent AF (with 100% sensitivity

and specificity) and pAF (as defined by AF of duration >30 s;

with 100% sensitivity and 85% specificity), respectively (34).

Furthermore, a lower threshold (i.e., ≥15%) can be considered

for high-risk patients to detect AF of any duration (with 90%

sensitivity and 77% specificity) (34). Both of these studies

had limited external validity for AF screening in the general

population or in primary care because they only recruited

patients referred for specialist care or with pacemakers (32, 34).

Only Wisel et al. (n = 139, compared to event recorders)

reported the accuracy of HBPM for detecting AF or pAF over

a 30-day period. AF was detected over three consecutive BP

measurements using a majority rule (≥2 out of three readings)

and confirmed on the fourth reading. The sensitivity, specificity,

positive predictive value, and negative predictive value were
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TABLE 1 Characteristics of included studies.

Study Country Sponsor by

BP device

company?

Primary care

or general

population?

Participants BP device tested

and their AF

detection

algorithm

Reference

test

Mean age

(yrs)

Proportion

with AF

No. of

participants

Sensitivity Specificity

Office BP

Chan (15)

Hong Kong

SAR

No Yes Patients with HT or DM,

excluded: pacemaker, and/or an

implanted defibrillator

Microlife WatchBP

Home A

12 lead ECG

by cardiologist

67.2 0.01 5,969 0.81 0.97

AlAwwa (29) Jordan No No Patients with ESRD undergoing

maintenance hemodialysis

Omron M6 12-lead ECG

by cardiologist

57 0.08 227 0.83 0.94

Kearley (24) UK No Yes Aged 75 years or over, living at

home; excluded: pacemaker,

and/or an implanted

defibrillator

Microlife WatchBP 12 lead ECG

by

cardiologists

79.7 0.08 999 0.94 0.9

Wiesel (41) USA No No Unselected outpatients in urban

cardiology practise who had an

ECG performed, excluded:

pacemaker

Omron 712C automatic

sphygmomanometer*

12-lead ECG 69 0.12 446 1 0.91

Wiesel (40) USA Yes No Patients aged >= 50 years;

exclude: pacemakers or

defibrillators

Microlife BP A200

Omron M6

Comfort (HEM-7223-

E)*

12-lead ECG 74 0.16 183 1 (Microlife)

0.3 (Ormon)

0.92

(Microlife)

0.97 (Ormon)

Gandolfo (31) Italy No No Recent onset stroke or TIA

patients, excluded: pacemakers

or defibrillators

Microlife AFib

BP3MQ1-2D

12-lead ECG

by cardiologist

77.7 0.18 207 0.89 0.99

Lown (35) UK No Yes Aged>65 both with and

without a diagnosis of AF;

excluded: pacemaker

Microlife Watch BP 12-lead ECG

by

cardiologists

73.9 0.19 418 0.96 0.94

Marazzi

(36)

Italy No No Consecutive patients referred to

hypertension clinic.

Microlife BP A200 Plus

OMRONM6

12-lead ECG 67 0.2 503 0.92

(Microlife) 1

(Omron)

0.95 (Microlife)

0.94 (Omron)

Balanis (30) Germany Yes No older than 20 years old,

exclusion: pacemakers

Omron BP785N

(HEM-7321-Z)*

12-lead ECG 70.2 0.2 99 1 0.85

(Continued)
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TABLE 1 Continued

Study Country Sponsor by

BP device

company?

Primary care

or general

population?

Participants BP device tested

and their AF

detection

algorithm

Reference

test

Mean age

(yrs)

Proportion

with AF

No. of

participants

Sensitivity Specificity

Wiesel (33) USA Yes No Unselected general cardiology

outpatients, Excluded:

pacemaker, and/or an implanted

defibrillator

BP3MQ1-2D; Microlife

USA*

12-lead ECG 73 0.23 405 0.97 0.88

Watanabe (38) Japan Yes No Patients with AF and cheque-up

examinees

UA-1020; A&D ECG 57.02 0.27 280 1 0.97

Stergiou (37) Greece No No Patients with AF, other

arrthymia or sinus rhythm.

Excluded: pacemaker, and/or an

implanted defibrillator

Microlife BPA100 Plus 12-lead ECG 70.5 0.37 73 1 0.89

Kao (33) Taiwan No No patients with AF and without,

Excluded: pacemaker, and/or an

implanted defibrillator

The Heart Spectrum

Blood Pressure Monitor

(P2; OSTAR Meditech

Corp.)*

12-lead ECG 67 0.53 62 0.9-1 (testing

multiple

methods)

0.94-1 (testing

multiplemethods)

HBPM

Wiesel (39)

USA Yes No Patients with HT, DM, CHF,

stroke; excluded: pacemakers or

implantable defibrillators

Microlife BPM

BP3MQ1-2D*

Event recorder

when

conducting

HBPM

67 0.11 139 1 0.9

ABPM

Huppertz (32)

UK Yes No An implanted pacemaker for

sick sinus syndrome and

previously documented AF or

AHRE, excluded: diagnosed

with permanent AF, or (iv) had

a VVI pacemaker

Microlife WatchBPO3

AFIB

Implantable

pacemaker

71.6 0.08 48 0.76 0.81

Kollias (34) Greece Yes No Patients referred to a

Hypertension Clinic with

symptoms suggesting

arrhythmias or with stroke or

AF history, exclusion:

pacemaker implantation

Microlife WatchBP O3

Afib

24-h Holter

monitoring

70.55 0.21 100 0.93 0.87

*Not listed as preferred devices or validated devices on StrideBP.org.

AF, atrial fibrillation; BP, blood pressure; DM, diabetes mellitus; ECG, electrocardiogram; ESRD, end-stage renal disease; HT, hypertension; TIA, transient ischemic attack; UK, United Kingdom.
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FIGURE 2

Quality assessment.

100% (95% CI: 76.84–100%), 89.6% (95% CI: 82.87–94.35%),

51.85% (95%CI: 39.16–64.31%), and 100% respectively (39).

Discussion

Main findings

Consistent with the data of previous meta-analyses,

our study showed high sensitivity (96.2%) and specificity

(94%) of office BP devices in detecting AF (14, 17–20).

Further, similar to previous reports, our study also did

not recommend employing only one positive result among

consecutive office BP measurements to detect AF because of

inferior specificity (Supplementary Figure S3) (14, 18). This

systematic review for the first time, to the best of our

knowledge, lists all existing algorithms employed for detecting

AF in different devices (Supplementary Table S2A). Despite

different measurement algorithms, the devices from Microlife

and Omron had comparable sensitivities and specificities

(Supplementary Table S4). We also summarised the results

from existing ABPM and HBPM studies that may guide

clinical management.

FIGURE 3

Sensitivity and specificity of o�ce blood pressure (BP) devices to

detect atrial fibrillation (AF).

Clinical implications

Validated office BP devices can be implemented clinically to

screen for AF. However, as suggested by international guidelines,

screening should be reserved for high-risk populations (i.e.,

age ≥65 years) because, despite high sensitivity and specificity,

the positive predictive values are highly dependent on the

prevalence of AF (8–10). For instance, at a prevalence of

1 and 10%, the positive predictive values were 13.94 and

64.05%, respectively (Supplementary Table S5). Screening in

low-risk populations would result in a large number of

patients with false-positive results, which are potentially harmful

and expensive. False-positive results can be due to other

arrythmias and positive results should therefore be confirmed

by 12-lead ECG (for suspected AF) and/or 24-h Holter (for

suspected pAF) prior to any treatment (32, 34). Furthermore,

anti-coagulant treatments are often not indicated for low-

risk AF patients (42). Clinicians should be alerted that

only a few BP devices have been tested for AF detection.

Although a list of validated machines for BP measurements

was produced by international hypertension societies, similar

lists for AF detection are lacking (23). To facilitate clinical

recommendations, BP device manufacturers should disclose

their AF detection algorithm; currently the AF detection strategy

of the Omron devices is unclear (Supplementary Table S2A).

Before the recommendation lists become available, clinicians

may refer to our results (Supplementary Table S2; Table 1)
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FIGURE 4

Ambulatory blood pressure measurement (ABPM) reading-to-reading (A) sensitivity and (B) specificity.

or search for relevant validation studies to identify suitable

devices. Newer BP devices incorporating single-lead ECG are

now available and may facilitate AF detection. However, our

search did not identify any relevant validation studies and these

devices need to be validated prior to routine implementation

in clinical practise. Also, when screening for AF, the “majority

rule” (i.e., ≥2 positive results out of two or three consecutive

BP measurements) appeared more specific and may reduce

false-positive results. This is also clinically relevant because

multiple office BP measurements during every office visit are

recommended by international guidelines to obtain accurate BP

values (43).

Research implications

A threshold of number/proportion of positive results to

detect AF or pAF on HBPM and ABPM is required. Although

studies consistently report high sensitivity and specificity of

individual HBPM/ABPM readings, false-positive results are

common and expected due to repeated (on average 48–72

measurements per 24-h ABPM) measurements. For example,

at a specificity of approximately 85%, one or two false-positive

results are expected from 10 measurements. Kollias et al.

observed that 13.4% of ABPM readings were false-positives in

non-AF participants (34), and were due to body movements

and other arrhythmias (32, 34). Although Kollias et al. (n =

100) proposed several thresholds to detect pAF and AF, these

should be externally validated in large cohorts, preferably in

primary care populations (34). Similar studies are lacking for

HBPMs. Furthermore, newer devices (from A&D and OSTAR

Meditech Corp.) use different novel algorithms to detect AF,

but were only investigated in one study, and hence, require

further external validation. Randomised controlled trials (RCTs)

may be conducted to investigate the utility of these BP devices

(with or without other AF detection methods) in primary care
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settings in improving detection of AF, increasing subsequent

anticoagulation treatments, reducing cardiovascular morbidity

and mortality, and being cost effective. Currently, evidence is

conflicting and no RCTs have investigated the effect of AF

screening by BP devices on mortality. For instance, although

Uittenbogaart et al. found no improvement in AF detection

by implementation of BP devices (possibly due to good AF

detection rates in usual care), another RCT found that screening

of AF with HBPM and ECG patches can increase AF detection

by 10-fold and increase anticoagulation use (11, 44). Finally,

cost-effectiveness studies conducted in the United Kingdom

have suggested that AF screening by office BP can be cost-

saving (45); however, cost-effectiveness results will vary across

different countries.

Strengths and limitations

Our systematic review and meta-analysis were registered,

contained the largest number of studies for analysis, and

included and discussed HBPM and ABPM studies (14, 17–20).

Our results concerning office BP were homogenous and were

analysed using the recommended statistical methods (21). This

review, in a first, lists and investigates different AF detection

algorithms used by different BP devices and provides important

clinical guidance. Relevant subgroup and sensitivity analyses

showed similar results, confirming that our results are robust.

This has facilitated the development of practical clinical and

research recommendations.

Our study had some limitations. First, only English literature

was searched because of the lack of translators (this study was

entirely self-funded). However, because many HT studies in

other languages usually publish their abstracts in English, it is

unlikely that a significant amount of literature was excluded.

We did not exclude any studies due to language limitations.

Furthermore, despite being stated in our registered protocol,

meta-analyses for some subgroups could not be performed

because of an inadequate number of studies. For example,

Microlife Watch BP was only used by three office BP studies.

Similarly, definite conclusions could not be drawn for ABPM

(n = 2) and HBPM (n = 1) because of the small number of

studies. Although some studies were conducted in primary care

(where screening for AF is likely to take place, n = 3) and were

considered to have a low risk of bias (n = 5), all subgroup or

sensitivity analyses had similar results. Lastly, the estimation of

sensitivity and specificity is affected by the prevalence of disease,

but most studies had a higher prevalence of AF than that of

the general population (Supplementary Table S2; Table 1) (46).

Although this may limit the external validity of our results, the

sensitivity analyses using only studies with a high prevalence of

AF yielded similar results (Supplementary Table S4).

Perspective

Our study showed that validated office BP devices

have high sensitivity and specificity for AF detection, and

may be used by clinicians for AF detection, particularly

in high-risk populations using correct techniques. In

future, RCTs are needed to determine whether AF

screening using office BP devices can reduce strokes

and mortality. In addition, more studies are needed to

guide the use of HBPM and ABPM in detecting pAF

or AF.

Data availability statement

The original contributions presented in the study

are included in the article/Supplementary material,

further inquiries can be directed to the

corresponding author/s.

Author contributions

EL conceptualised the study. EL and ET screened and

selected eligible studies, conducted data extraction, data analysis,

and drafted the manuscript. C-PY designed and conducted the

literature search. All authors contributed to the article and

approved the submitted version.

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organisations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be

found online at: https://www.frontiersin.org/articles/10.3389/

fcvm.2022.956542/full#supplementary-material

Frontiers inCardiovascularMedicine 09 frontiersin.org

https://doi.org/10.3389/fcvm.2022.956542
https://www.frontiersin.org/articles/10.3389/fcvm.2022.956542/full#supplementary-material
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org


Tang et al. 10.3389/fcvm.2022.956542

References

1. Kalantarian S, Ay H, Gollub RL, Lee H, Retzepi K, Mansour M,
et al. Association between atrial fibrillation and silent cerebral infarctions:
a systematic review and meta-analysis. Ann Intern Med. (2014) 161:650–
8. doi: 10.7326/M14-0538

2. Leong DP, Eikelboom JW, Healey JS, Connolly SJ. Atrial fibrillation is
associated with increased mortality: causation or association? Eur Heart J. (2013)
34:1027–30. doi: 10.1093/eurheartj/eht044

3. Papanastasiou CA, Theochari CA, Zareifopoulos N, Arfaras-Melainis A,
Giannakoulas G, Karamitsos TD, et al. Atrial fibrillation is associated with
cognitive impairment, all-cause dementia, vascular dementia, and Alzheimer’s
disease: a systematic review and meta-analysis. J Gen Intern Med. (2021) 36:3122–
35. doi: 10.1007/s11606-021-06954-8

4. Heeringa J, van der Kuip DA, Hofman A, Kors JA, van Herpen G, Stricker Ch
BH, et al. Prevalence, incidence and lifetime risk of atrial fibrillation: the Rotterdam
study. Eur Heart J. (2006) 27:949–53. doi: 10.1093/eurheartj/ehi825

5. Savelieva I, CammAJ. Clinical relevance of silent atrial fibrillation: prevalence,
prognosis, quality of life, and management. J Interv Card Electrophysiol. (2000)
4:369–82. doi: 10.1023/A:1009823001707

6. Okumura K, Akao M, Yoshida T, Kawata M, Okazaki O, Akashi S, et al. Low-
dose edoxaban in very elderly patients with atrial fibrillation. N Engl J Med. (2020)
383:1735–45. doi: 10.1056/NEJMoa2012883

7. Hart RG, Benavente O, McBride R, Pearce LA. Antithrombotic therapy to
prevent stroke in patients with atrial fibrillation: a meta-analysis. Ann Intern Med.
(1999) 131:492–501. doi: 10.7326/0003-4819-131-7-199910050-00003

8. Kirchhof P, Benussi S, Kotecha D, Ahlsson A, Atar D, Casadei B, et al. 2016 ESC
Guidelines for themanagement of atrial fibrillation developed in collaboration with
EACTS. Eur Heart J. (2016) 37:2893–962. doi: 10.1093/eurheartj/ehw210

9. NHFACSANZHeart Failure GuidelinesWorkingGroup, Atherton JJ, Sindone
A, De Pasquale CG, Driscoll A, MacDonald PS, et al. National Heart Foundation
of Australia and Cardiac Society of Australia and New Zealand: guidelines for the
prevention, detection, and management of heart failure in Australia 2018. Heart
Lung Circ. (2018) 27:1123–208. doi: 10.1016/j.hlc.2018.06.1042

10. Mairesse GH, Moran P, Van Gelder IC, Elsner C, Rosenqvist M, Mant
J, et al. Screening for atrial fibrillation: a European Heart Rhythm Association
(EHRA) consensus document endorsed by the Heart Rhythm Society (HRS),
Asia Pacific Heart Rhythm Society (APHRS), and Sociedad Latinoamericana de
Estimulacion Cardiaca y Electrofisiologia (SOLAECE). Europace. (2017) 19:1589–
623. doi: 10.1093/europace/eux177

11. Gladstone DJ, Wachter R, Schmalstieg-Bahr K, Quinn FR, Hummers E, Ivers
N, et al. Screening for atrial fibrillation in the older population: a randomised
clinical trial. JAMA Cardiol. (2021) 6:558–67. doi: 10.1001/jamacardio.2021.0038

12. Khurshid S, Healey JS, McIntyre WF, Lubitz SA. Population-
based screening for atrial fibrillation. Circ Res. (2020) 127:143–
54. doi: 10.1161/CIRCRESAHA.120.316341 Available online at: https://bjgp.
org/content/52/478/373

13.Morgan S,Mant D. Randomised trial of two approaches to screening for atrial
fibrillation in UK general practise. Br J Gen Pract. (2002) 52:373–80.

14. Verberk WJ, Omboni S, Kollias A, Stergiou GS. Screening
for atrial fibrillation with automated blood pressure measurement:
research evidence and practise recommendations. Int J Cardiol. (2016)
203:465–73. doi: 10.1016/j.ijcard.2015.10.182

15. Chan PH, Wong CK, Pun L, Wong YF, Wong MM-Y, Chu DW-S, et al.
Diagnostic performance of an automatic blood pressure measurement device,
Microlife WatchBP Home A, for atrial fibrillation screening in a real-world
primary care setting. BMJ Open. (2017) 7:e013685. doi: 10.1136/bmjopen-2016-
013685

16. Guirguis-Blake JM, Evans CV,Webber EM, Coppola EL, Perdue LA,Weyrich
MS. Screening for hypertension in adults: updated evidence report and systematic
review for the US Preventive Services Task Force. JAMA. (2021) 325:1657–
69. doi: 10.1001/jama.2020.21669

17. Park SH, June KJ, Choi YK. Predictive validity of automated
oscillometric blood pressure monitors for screening atrial fibrillation: a
systematic review and meta-analysis. Expert Rev Med Devices. (2019)
16:503–14. doi: 10.1080/17434440.2019.1620102

18. Verberk WJ, De Leeuw PW. Accuracy of oscillometric blood pressure
monitors for the detection of atrial fibrillation: a systematic review. Expert RevMed
Devices. (2012) 9:635–40. doi: 10.1586/erd.12.46

19. Kane SA, Blake JR, McArdle FJ, Langley P, Sims AJ. Opportunistic detection
of atrial fibrillation using blood pressure monitors: a systematic review. Open
Heart. (2016) 3:e000362. doi: 10.1136/openhrt-2015-000362

20. 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. Eur J Prev Cardiol. (2016) 23:1330–
8. doi: 10.1177/2047487315611347

21. Macaskill P, Gatsonis C, Deeks J, Harbord R, Takwoingi Y. Analysing
and presenting results. In: Deeks JJ, Bossuyt PM, Gatsonis C, editors. Cochrane
Handbook for Systematic Reviews of Diagnostic Test Accuracy Version 10. The
Cochrane Collaboration (2010).

22. Wiesel J, Fitzig L, Herschman Y, Messineo FC. Detection of atrial fibrillation
using a modified microlife blood pressure monitor. Am J Hypertens. (2009)
22:848–52. doi: 10.1038/ajh.2009.98

23. O’Brien E, Dolan E. Ambulatory blood pressure measurement in the elderly.
Hypertension. (2019) 73:961–4. doi: 10.1161/HYPERTENSIONAHA.118.11977

24. Kearley K, Selwood M, Van den Bruel A, Thompson M, Mant D, Hobbs FR,
et al. Triage tests for identifying atrial fibrillation in primary care: a diagnostic
accuracy study comparing single-lead ECG and modified BP monitors. BMJ Open.
(2014) 4:e004565. doi: 10.1136/bmjopen-2013-004565

25. Diederichsen SZ, Haugan KJ, Kronborg C, Graff C, Højberg S, Køber
L, et al. Comprehensive evaluation of rhythm monitoring strategies in
screening for atrial fibrillation: insights from patients at risk monitored
long term with an implantable loop recorder. Circulation. (2020) 141:1510–
22. doi: 10.1161/CIRCULATIONAHA.119.044407

26. Adamson DL, Nelson-Piercy C. Managing palpitations and arrhythmias
during pregnancy. Postgrad Med J. (2008) 84:66–72. doi: 10.1136/hrt.2006.098822

27. Whiting PF, Rutjes AW, Westwood ME, Mallett S, Deeks JJ, Reitsma
JB, et al. QUADAS-2 Group. QUADAS-2: a revised tool for the quality
assessment of diagnostic accuracy studies. Ann Intern Med. (2011) 155:529–
36. doi: 10.7326/0003-4819-155-8-201110180-00009

28. Plana MN, Pérez T, Zamora J. New measures improved the reporting of
heterogeneity in diagnostic test accuracy reviews: a metaepidemiological study. J
Clin Epidemiol. (2021) 131:101–12. doi: 10.1016/j.jclinepi.2020.11.011

29. AlAwwa I, Saleh A, Wahbeh AM, Jallad S, Ibrahim S, Al-Awwa A, et al.
Accuracy and feasibility of portable blood pressure monitoring in the detection
of atrial fibrillation in hemodialysis patients. Rev Cardiovasc Med. (2021) 22:225–
9. doi: 10.31083/j.rcm.2021.01.802

30. Balanis T, Sanner B. Detection of atrial fibrillation using a
home blood pressure monitor. Vasc Health Risk Manag. (2021)
17:407–14. doi: 10.2147/VHRM.S317859

31. Gandolfo C, Balestrino M, Bruno C, Finocchi C, Reale N. Validation of a
simple method for atrial fibrillation screening in patients with stroke. Neurol Sci.
(2015) 36:1675–8. doi: 10.1007/s10072-015-2231-0

32. Huppertz N, Lip GYH, Lane DA. Validation of the modified Microlife blood
pressure monitor in patients with paroxysmal atrial fibrillation. Clin Res Cardiol.
(2020) 109:802–9. doi: 10.1007/s00392-019-01567-y

33. Kao WF, Hou SK, Huang CY, Chao CC, Cheng CC, Chen YJ. Assessment
of the clinical efficacy of the heart spectrum blood pressure monitor for
diagnosis of atrial fibrillation: an unblinded clinical trial. PLoS ONE. (2018)
13:e0198852. doi: 10.1371/journal.pone.0198852

34. Kollias A, Destounis A, Kalogeropoulos P, Kyriakoulis KG, Ntineri A,
Stergiou GS. Atrial fibrillation detection during 24-h ambulatory blood pressure
monitoring: comparison with 24-hour electrocardiography. Hypertension. (2018)
72:110–5. doi: 10.1161/HYPERTENSIONAHA.117.10797

35. Lown M, Yue AM, Shah BN, Corbett SJ, Lewith G, Stuart B, et al. Screening
for atrial fibrillation using economical and accurate technology (from the safety
study). Am J Cardiol. (2018) 122:1339–44. doi: 10.1016/j.amjcard.2018.07.003

36. Marazzi G, Iellamo F, Volterrani M, Lombardo M, Pelliccia F, Righi D,
et al. Comparison of Microlife BP A200 Plus and Omron M6 blood pressure
monitors to detect atrial fibrillation in hypertensive patients. Adv Ther. (2012)
29:64–70. doi: 10.1007/s12325-011-0087-0

37. Stergiou GS, Karpettas N, Protogerou A, Nasothimiou EG, Kyriakidis M.
Diagnostic accuracy of a home blood pressure monitor to detect atrial fibrillation.
J Hum Hypertens. (2009) 23:654–8. doi: 10.1038/jhh.2009.5

38. Watanabe T, Tomitani N, Yasui N, Kabutoya T, Hoshide S, Kario K.
Assessment of a new algorithm to detect atrial fibrillation in home blood pressure

Frontiers inCardiovascularMedicine 10 frontiersin.org

https://doi.org/10.3389/fcvm.2022.956542
https://doi.org/10.7326/M14-0538
https://doi.org/10.1093/eurheartj/eht044
https://doi.org/10.1007/s11606-021-06954-8
https://doi.org/10.1093/eurheartj/ehi825
https://doi.org/10.1023/A:1009823001707
https://doi.org/10.1056/NEJMoa2012883
https://doi.org/10.7326/0003-4819-131-7-199910050-00003
https://doi.org/10.1093/eurheartj/ehw210
https://doi.org/10.1016/j.hlc.2018.06.1042
https://doi.org/10.1093/europace/eux177
https://doi.org/10.1001/jamacardio.2021.0038
https://doi.org/10.1161/CIRCRESAHA.120.316341
https://bjgp.org/content/52/478/373
https://bjgp.org/content/52/478/373
https://doi.org/10.1016/j.ijcard.2015.10.182
https://doi.org/10.1136/bmjopen-2016-013685
https://doi.org/10.1001/jama.2020.21669
https://doi.org/10.1080/17434440.2019.1620102
https://doi.org/10.1586/erd.12.46
https://doi.org/10.1136/openhrt-2015-000362
https://doi.org/10.1177/2047487315611347
https://doi.org/10.1038/ajh.2009.98
https://doi.org/10.1161/HYPERTENSIONAHA.118.11977
https://doi.org/10.1136/bmjopen-2013-004565
https://doi.org/10.1161/CIRCULATIONAHA.119.044407
https://doi.org/10.1136/hrt.2006.098822
https://doi.org/10.7326/0003-4819-155-8-201110180-00009
https://doi.org/10.1016/j.jclinepi.2020.11.011
https://doi.org/10.31083/j.rcm.2021.01.802
https://doi.org/10.2147/VHRM.S317859
https://doi.org/10.1007/s10072-015-2231-0
https://doi.org/10.1007/s00392-019-01567-y
https://doi.org/10.1371/journal.pone.0198852
https://doi.org/10.1161/HYPERTENSIONAHA.117.10797
https://doi.org/10.1016/j.amjcard.2018.07.003
https://doi.org/10.1007/s12325-011-0087-0
https://doi.org/10.1038/jhh.2009.5
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org


Tang et al. 10.3389/fcvm.2022.956542

monitoring device among healthy adults and patients with atrial fibrillation. J Clin
Hypertens. (2021) 23:1085–8. doi: 10.1111/jch.14201

39. Wiesel J, Abraham S. Messineo FC. Screening for asymptomatic atrial
fibrillation while monitoring the blood pressure at home: trial of regular versus
irregular pulse for prevention of stroke (TRIPPS 20). Am J Cardiol. (2013)
111:1598–601. doi: 10.1016/j.amjcard.2013.01.331

40. Wiesel J, Arbesfeld B, Schechter D. Comparison of the Microlife blood
pressure monitor with the Omron blood pressure monitor for detecting atrial
fibrillation. Am J Cardiol. (2014) 114:1046–8. doi: 10.1016/j.amjcard.2014.07.016

41. Wiesel J, Wiesel D, Suri R, Messineo FC. The use of a modified
sphygmomanometer to detect atrial fibrillation in outpatients. Pacing Clin
Electrophysiol. (2004) 27:639–43. doi: 10.1111/j.1540-8159.2004.00499.x

42. Siddiqi TJ, Usman MS, Shahid I, Ahmed J, Khan SU. Ya’qoub L, Rihal CS,
Alkhouli M. Utility of the CHA2DS2-VASc score for predicting ischaemic stroke in
patients with or without atrial fibrillation: a systematic review and meta-analysis.
Eur J Prev Cardiol. (2022) 29:625–31. doi: 10.1093/eurjpc/zwab018

43. Unger T, Borghi C, Charchar F, Khan NA, Poulter NR,
Prabhakaran D, et al. 2020 International Society of Hypertension
global hypertension practise guidelines. Hypertension. (2020) 75:1334–
57. doi: 10.1161/HYPERTENSIONAHA.120.15026

44. Uittenbogaart SB, Verbiest-van Gurp N, Lucassen WAM, Winkens B, Nielen
M, Erkens PMG, Knottnerus JA, van Weert HCPM, Stoffers HEJH. Opportunistic
screening vs. usual care for detection of atrial fibrillation in primary care: cluster
randomised controlled trial. BMJ. (2020) 370:m3208. doi: 10.1136/bmj.m3208

45. Willits I, Keltie K, Craig J, Sims A. WatchBP Home A for
opportunistically detecting atrial fibrillation during diagnosis and
monitoring of hypertension: a NICE Medical Technology Guidance. Appl
Health Econ Health Policy. (2014) 12:255–65. doi: 10.1007/s40258-014-0
096-7

46. Leeflang MM, Rutjes AW, Reitsma JB, Hooft L, Bossuyt PM. Variation of a
test’s sensitivity and specificity with disease prevalence. CMAJ. (2013) 185:E537–
44. doi: 10.1503/cmaj.121286

Frontiers inCardiovascularMedicine 11 frontiersin.org

https://doi.org/10.3389/fcvm.2022.956542
https://doi.org/10.1111/jch.14201
https://doi.org/10.1016/j.amjcard.2013.01.331
https://doi.org/10.1016/j.amjcard.2014.07.016
https://doi.org/10.1111/j.1540-8159.2004.00499.x
https://doi.org/10.1093/eurjpc/zwab018
https://doi.org/10.1161/HYPERTENSIONAHA.120.15026
https://doi.org/10.1136/bmj.m3208
https://doi.org/10.1007/s40258-014-0096-7
https://doi.org/10.1503/cmaj.121286
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org

	Sensitivity and specificity of automated blood pressure devices to detect atrial fibrillation: A systematic review and meta-analysis of diagnostic accuracy
	Introduction
	Methods
	Study eligibility
	Search strategy
	Study screening and data extraction
	Quality assessment
	Analysis

	Results
	Characteristics of included studies
	Office BP
	Out-of-office BP

	Discussion
	Main findings
	Clinical implications
	Research implications
	Strengths and limitations
	Perspective

	Data availability statement
	Author contributions
	Conflict of interest
	Publisher's note
	Supplementary material
	References


