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ABSTRACT
Objective To evaluate the diagnostic performance of
a UK National Institute for Health and Care Excellencerecommended automatic oscillometric blood pressure (BP)
measurement device incorporated with an atrial fibrillation
(AF) detection algorithm (Microlife WatchBP Home A) for
real-world AF screening in a primary healthcare setting.
Setting Primary healthcare setting in Hong Kong.
Interventions This was a prospective AF screening study
carried out between 1 September 2014 and 14 January
2015. The Microlife device was evaluated for AF detection
and compared with a reference standard of lead-I ECG.
Primary outcome measures Diagnostic performance of
Microlife for AF detection.
Results 5969 patients (mean age: 67.2±11.0 years;
53.9% female) were recruited. The mean CHA2DS2-VASc (C:
congestive heart failure [1 point]; H: hypertension [1 point];
A2: age 65-74 years [1 point] and age ≥75 years [2 points];
D: diabetes mellitus [1 point]; S: prior stroke or transient
ischemic attack [2 points]; VA: vascular disease [1 point]; and
Sc: sex category [female] [1 point])score was 2.8±1.3. AF was
diagnosed in 72 patients (1.21%) and confirmed by a 12-lead
ECG. The Microlife device correctly identified AF in 58 patients
and produced 79 false-positives. The corresponding sensitivity
and specificity for AF detection were 80.6% (95% CI 69.5 to
88.9) and 98.7% (95% CI 98.3 to 98.9), respectively. Among
patients with a false-positive by the Microlife device, 30.4%
had sinus rhythm, 35.4% had sinus arrhythmia and 29.1%
exhibited premature atrial complexes. With the low prevalence
of AF in this population, the positive and negative predictive
values of Microlife device for AF detection were 42.4%
(95% CI 34.0 to 51.2) and 99.8% (95% CI 99.6 to 99.9),
respectively. The overall diagnostic performance of Microlife
device to detect AF as determined by area under the curves
was 0.90 (95% CI 0.89 to 0.90).
Conclusions In the primary care setting, Microlife
WatchBP Home was an effective means to screen for AF,
with a reasonable sensitivity of 80.6% and a high negative
predictive value of 99.8%, in addition to its routine function
of BP measurement. In a younger patient population
aged <65 years with a lower prevalence of AF, Microlife
WatchBP Home A demonstrated a similar diagnostic
accuracy.

Strengths and limitations of this study
►► Prospective study evaluating the diagnostic value

for atrial fibrillation (AF) of a commercially available
UK National Institute for Health and Care
Excellence (NICE)-recommended device: Microlife.
►► Large study population in a primary care setting.
►► Study results support the use of Microlife device
can be extended to <65 years old for AF detection,
extending the UK NICE recommendations for AF
screening.
►► Due to the primary healthcare setting, 12-lead
ECG is not feasible in every recruited patient; thus,
single-lead-I ECG tracing was used as reference
instead to provide rhythm diagnosis.

Introduction
Atrial fibrillation (AF) has emerged as a
global epidemic with a progressive increase
in incidence, prevalence, and consequent
stroke and mortality.1
Although AF-related stroke and mortality
are highly preventable with the use of longterm oral anticoagulants, up to 25% of
patients with AF-related stroke have AF diagnosed only at the time of stroke,2–4 precluding
any form of primary preventive measure. As a
result, diagnosing AF prior to stroke occurrence is now recognised as a priority. The
European Society of Cardiology recommends
opportunistic screening for AF (pulse palpitation, followed by standard ECG if irregular
pulse detected) in patients aged 65 years or
older.5 6
In addition to advanced age and diabetes
mellitus, hypertension is another important
risk factor for AF,7 accounting for 14% of
the AF burden in both men and women.8
Hypertension contributes more AF cases
than any other risk factor because of its high
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Methods
Study design
This prospective screening study was coordinated by the
University of Hong Kong and the Department of Family
Medicine and Primary Healthcare Service, Hong Kong
East Cluster, Hospital Authority, Hong Kong. The study
protocol was approved by the local institutional review
board. Patients were recruited from the Violet Peel
General Outpatient Clinic in Hong Kong from September
2014 to January 2015. Patients were eligible if they had
a history of hypertension and/or diabetes mellitus,
or were ≥65 years of age. Patients with a pacemaker or
implantable defibrillator were excluded from the study.
Informed consent was obtained from all patients who
fulfilled the inclusion criteria.
2

Screening procedure
A bipolar lead-I ECG recording was first obtained from all
patients using an AliveCor Heart Monitor (AliveCor, San
Francisco, California, USA). The AliveCor Heart Monitor
is Food and Drug Administration-cleared, Conformité
Européenne-marked and clinically validated for the
recording of single-channel lead-I ECGs.13 14 For each
patient, a single-lead ECG tracing was acquired for 30 s
with placement of two or more fingers from each hand
on the device electrodes. The ECG recordings were transmitted to an iPad Mini (Apple, Cupertino, California,
USA) installed with the AliveECG application (V.2.1.1),
and were reviewed by two independent cardiologists who
were blinded to the Microlife WatchBP Home AF classifications to provide a reference diagnosis using standard
criteria.15 When a diagnosis of AF was made, a full 12-lead
ECG was performed. Immediately following completion
of the ECG recording, three BP measurements were taken
using the automatic oscillometric BP monitor (the Microlife WatchBP Home A) with AF detection algorithm. The
‘Afib’ icon flashed when AF was detected.
Statistical analysis
Continuous and discrete variables are expressed as
mean±SD and percentages, respectively. Sensitivity, specificity, likelihood ratio and predictive value for AF diagnosis
were calculated as simple proportions with corresponding
95% CI for the Microlife WatchBP Home classifications
for AF detection. The diagnostic performance for AF
detection was further assessed using the c-statistic (area
under the curve). The c-statistic for receiver operating
characteristic curve was calculated using Analyse-It for
Excel with the Delong-Delong comparison for c-statistic.
The c-statistic integrates measures of sensitivity and specificity of the range of a variable. Ideal prediction yields
a c-statistic of 1.00, whereas a value of <0.5 indicates
that the prediction is no better than chance. Calculations were performed using SPSS software (V.21.0) and
MedCal (V.13.1.2).
Results
Between 1 September 2014 and 14 January 2015, 6075
patients who fulfilled the inclusion criteria were invited
to participate in the AF screening study, of whom 106
declined (1.7%). As a result, 5969 patients were included
in this study (figure 1). Table 1 summarises their characteristics. The mean age was 67.2±11.0 years and 2751
patients (46.1%) were male. Hypertension was present
in 4948 patients (82.9%) and diabetes mellitus in 2742
(45.9%). Coronary artery disease was present in 313
patients (5.2%) and 271 (4.5%) had a history of ischaemic
stroke. The mean CHA2DS2-VASc score (C: congestive
heart failure [1 point]; H: hypertension [1 point]; A2:
age 65-74 years [1 point] and age ≥75 years [2 points];
D: diabetes mellitus [1 point]; S: prior stroke or transient
ischemic attack [2 points]; VA: vascular disease [1 point];
and Sc: sex category [female] [1 point]) was 2.8±1.3.
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prevalence (~1 billion individuals worldwide). Different
risk factors had various impacts on the development of
incident AF; for instance, hypertension had an OR of 1.8
on 10-year risk of AF while advanced age and diabetes
mellitus had ORs of 2.3 and 1.1, respectively.
Recently, an automatic oscillometric blood pressure (BP) measurement device with an incorporated
specific algorithm to detect AF (Microlife WatchBP
Home A; Microlife USA, Dunedin, Florida, USA) has
been recommended by the UK National Institute for
Health and Care Excellence (NICE) to screen for AF
during routine office BP measurement in primary care
patients aged 65 years or older.9 The ability to detect AF
in the Microlife device is based on measuring the time
interval between successive R-R cycles and computing
the ratio of the SD of these time intervals to the mean
R-R intervals. If this irregularity index generated is above
certain cut-off, this would be interpreted as positive for
AF by the device.7
Although the diagnostic performance of the device
for AF detection has been previously investigated,7–12
these studies have been limited by their relatively small
sample size, typically less than 1000 participants.7–12 The
total number of participants was around 2000 only. More
importantly, most studies were carried out in a high-risk
population, such as a general cardiology clinic7 9 11 or
in patients with recent stroke.12 The generalisability
to a primary care setting, the target environment for
mass AF screening, remains questionable. In addition,
the diagnostic procedure has evolved throughout these
studies; for instance, the number of readings used
for diagnosis of AF increased from one in the initial
study11 to three in the latest study, and has substantially
improved the diagnostic performance.12 Therefore, the
performance of the Microlife WatchBP Home A for AF
screening using the current diagnostic procedure in a
real-world mass AF screening setting remains unclear.
The primary aim of this study was to assess the diagnostic performance of the Microlife WatchBP Home
A for AF screening.
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Study enrolment and flow.

Of these 5969 patients, 5467 (91.59%) had sinus rhythm
based on interpretation by two cardiologists of the singlelead ECG recording (figure 2A). AF was diagnosed in 72
patients (1.21%) and confirmed by a standard 12-lead
ECG. Other abnormal non-AF rhythms detected in the
study population included premature atrial contractions
(n=171, 2.86%), premature ventricular contractions
(n=144, 2.41%) and sinus arrhythmias (n=115, 1.93%).
The prevalence of AF increased with increasing age from
0.51% among those aged <65 years, to 0.91% among
those aged 65–74 years and 2.71% among those aged ≥75
years (figure 2B).
The Microlife WatchBP Home A correctly identified
the presence of AF in 58 out of 72 patients with AF and
produced 79 false-positive results (figure 3). The corresponding sensitivity of the Microlife WatchBP Home
A to detect AF was 80.6% (95% CI 69.5 to 88.9). The
Microlife WatchBP Home A produced a false-positive
result for AF in 79 of 5897 non-AF patients, with a corresponding specificity of 98.7% (95% CI 98.3 to 98.9).
Among these 79 patients, 24 had sinus rhythm (30.4%),
Table 1 Demographics of study population
Characteristics

Number (%) (n=5969)

Age, mean ± SD, years
Male

67.2±11.0
2751 (46.1)

Hypertension

4948 (82.9)

Diabetes mellitus

2742 (45.9)

Coronary artery disease

313 (5.2)

Previous myocardial infarction

46 (0.8)

Heart failure

54 (0.9)

Previous stroke

271 (4.5)

Previous intracranial haemorrhage
CHA2DS2-VASc score

35 (0.6)
2.8±1.3

CHA2DS2-VASc score (C: congestive heart failure [1 point]; H:
hypertension [1 point]; A2: age 65-74 years [1 point] and age ≥75
years [2 points]; D: diabetes mellitus [1 point]; S: prior stroke or
transient ischemic attack [2 points]; VA: vascular disease [1 point];
and Sc: sex category [female] [1 point])
Chan P-H, et al. BMJ Open 2017;7:e013685. doi:10.1136/bmjopen-2016-013685

Discussion
To the best of our knowledge, this is the largest screening
study for AF using the UK NICE guideline-recommended
Microlife WatchBP Home A automatic BP monitoring
machine. In this study, the diagnostic performance of
Microlife WatchBP Home A was compared with a reference standard of single-lead-I ECG. First, our results
demonstrate that in the primary care setting where the
prevalence of AF is relatively low, the Microlife WatchBP
Home A machine detected AF with a reasonable sensitivity
of 80.6%, high specificity of 98.7% and negative predictive value of 99.8%. Second, the device detected AF with
high diagnostic accuracy as determined by area under the
curves of 0.9, when compared with reference single-lead-I
ECG. Third, the device effectively detected AF in patients
younger than 65 years — not the usual target population
for AF screening. Finally, the diagnostic performance
of the device, in terms of sensitivity, specificity and positive and negative predictive values, did not differ across
different age groups, with a mean age of patients in this
study of 67.2±11.0 years.
It is well established that AF is associated with a fivefold
increased risk of ischaemic stroke.16 With effective anticoagulation by warfarin, such risk can be reduced by 64%.17
Nonetheless in the absence of a firm diagnosis of AF, for
instance in patients who are asymptomatic, anticoagulation therapy cannot be commenced. Underlying AF is
newly diagnosed in up to 25% of patients with ischaemic
stroke.2–4 Thus, AF screening was recommended by the
European Society of Cardiology in those aged 65 years or
older to diagnose AF in this high-risk population,5 where
advanced age is one of the important underlying risk
factors.18 To achieve effective AF screening, the availability
of a reliable easy-to-use screening tool is of paramount
importance. A conventional 12-lead ECG records cardiac
rhythm for 10 s and is the gold standard for diagnosis
of cardiac arrhythmia. Nonetheless although a 12-lead
ECG can be employed as a screening tool for AF,19 its
3
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Figure 1

28 had sinus arrhythmia (35.4%), 23 had premature atrial
contractions (29.1%) and 4 had premature ventricular
contractions (5.1%) (figure 3). Nonetheless the specificity of the Microlife WatchBP Home A for AF detection
remained high in these patients: 99.6% in patients with
sinus rhythm, 97.2% in patients with premature ventricular contractions, 86.5% in patients with premature atrial
contractions and 75.7% in patients with sinus arrhythmia.
Given the relatively low prevalence of AF (1.21%) in this
population, the positive and negative predictive values of
the Microlife WatchBP Home A to detect AF were 42.4%
(95% CI 34.0 to 51.2) and 99.8% (95% CI 99.6 to 99.9),
respectively. The positive likelihood ratio and the negative
likelihood ratio of the Microlife WatchBP Home A were
60.1 (95% CI 47.0 to 77.0) and 0.2 (95% CI 0.1 to 0.3),
respectively. The overall diagnostic performance of the
Microlife WatchBP Home A to detect AF as determined
by area under the curves was 0.90 (95% CI 0.89 to 0.90).
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cumbersome and time-consuming nature makes it less
appealing, particularly on a large scale. As a result, there
has been a recent surge in the availability of various easyto-use devices.
The automated oscillometric BP monitoring machine
— Microlife WatchBP Home A — can distinguish AF from
normal sinus rhythm based on the detection of pulse
irregularities during BP measurement.7 9–11 By measuring
the time interval between successive R-R cycles and calculating the ratio of the SD of these time intervals to the
mean R-R interval, an irregularity index is generated.
Previous study confirmed that an irregularity index with
a cut-off of >0.06 corresponds to AF with high sensitivity
and specificity.7 Theoretically, lowering the cut-off irregularity index might increase sensitivity for AF detection,
although at the cost of lower specificity. In addition, the
Microlife WatchBP Home A device used in this study automatically measured BP three times: this further improved

Figure 3 Contingency table for atrial fibrillation detection
and rhythm diagnoses of an automatic oscillometric blood
pressure measurement device incorporated with a specific
algorithm for AF detection (Microlife WatchBP Home A).
AF, atrial fibrillation; PAC, premature atrial complex; PVC,
premature ventricular complex.

4

the diagnostic accuracy for pulse irregularities or AF. Of
note, the programmed AF detector in Microlife WatchBP
Home A device differs from all other arrhythmia detectors incorporated in many automated BP monitors in
that it is specific for AF.7 9 10 20–23 Arrhythmia detectors
installed in other automated BP monitors provide only a
warning that the BP recorded may be inaccurate due to
the possible presence of arrhythmia, rather than specifically diagnosing AF.24
Other devices, such as the AliveCor Heart Monitor,
which is equipped with automatic algorithms for interpreting a lead-I ECG tracing, have also been tested in
previous studies,14 25 including the recently published
STROKESTOP study on Caucasian population and
the head-to-head comparison study in the primary care
setting in Chinese population.26 27 This study used the
Microlife WatchBP Home A device to detect AF, but it was
only validated in a population aged 65 years or above, the
target population for AF screening. One of the important
findings in this study was that the diagnostic performance
of Microlife WatchBP Home A machine in a younger
patient population, which was characterised by a lower
prevalence of AF and other arrhythmias including premature atrial complex, was not negatively affected. Current
guidelines5 28 promote AF screening only in those
aged ≥65 years because of the lack of clinical evidence
and possibly higher prevalence of sinus arrhythmia and
thus false-positive results in younger subjects. The current
study provides evidence that the Microlife WatchBP
Home A machine achieves comparable diagnostic accuracy in those aged <65 and those ≥65. This device is also
the first to be validated for AF screening in younger
patients aged <65, potentially extending the indication of
UK NICE guideline for the Microlife WatchBP Home A
machine. In this study, detection of AF during automated
BP measurement was feasible in the primary care setting
and appeared to be superior to routine pulse palpation
in terms of diagnostic accuracy for AF, hence facilitating
Chan P-H, et al. BMJ Open 2017;7:e013685. doi:10.1136/bmjopen-2016-013685
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Figure 2 (A) Rhythm diagnoses of the study population based on interpretation by two independent cardiologists of a 30 s
bipolar lead-I ECG. (B) Prevalence of AF categorised into different age groups. AF, atrial fibrillation; PAC, premature atrial
complex; PVC, premature ventricular complex

Open Access

Study limitation
A formal 12-lead ECG was not recorded in every participant. Instead, two cardiologists independently over-read a
single-lead ECG of each patient and provided a diagnosis.
This was necessary given the time and cost constraints
inherent in dealing with a large number of patients.
Chan P-H, et al. BMJ Open 2017;7:e013685. doi:10.1136/bmjopen-2016-013685

Nonetheless all patients identified by the cardiologists to
have AF underwent a follow-up 12-lead ECG for further
confirmation of the diagnosis.
Conclusion
In the primary care setting with an AF prevalence of
1.21%, Microlife WatchBP Home A was shown to be an
effective screening tool for AF with a reasonable sensitivity
of 80.6% and high negative predictive value of 99.8%, as
well as provide a routine function of BP measurement.
Diagnostic accuracy of the Microlife WatchBP Home A in
a younger patient population aged <65 years and a lower
prevalence of AF achieved a similar diagnostic accuracy
compared with its use in an older population, thus potentially extending the NICE guideline indication as an AF
screening tool to a younger at-risk population.
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