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Aims High blood pressure (BP) is the commonest modifiable cardiovascular risk factor, yet its monitoring remains problematic.

Wearable cuffless BP devices offer potential solutions; however, little is known about their validity and utility. We aimed

to systematically review the validity, features and clinical use of wearable cuffless BP devices.

Methods We searched MEDLINE, Embase, IEEE Xplore and the Cochrane Database till December 2019 for studies that reported
and results validating cuffless BP devices. We extracted information about study characteristics, device features, validation pro-

cesses, and clinical applications. Devices were classified according to their functions and features. We defined devices
with a mean systolic BP (SBP) and diastolic BP (DBP) biases of <5 mmHg as valid as a consensus. Our definition of validity
did not include assessment of device measurement precision, which is assessed by standard deviation of the mean dif-

ference—a critical component of ISO protocol validation criteria. Study quality was assessed using the Quality

Assessment of Diagnostic Accuracy Studies version 2 tool. A random-effects model meta-analysis was performed to
summarise the mean biases for SBP and DBP across studies. Of the 430 studies identified, 16 studies (15 devices, 974
participants) were selected. The majority of devices (81.3%) used photoplethysmography to estimate BP against a ref-

erence device; other technologies included tonometry, auscultation and electrocardiogram. In addition to BP and heart

rate, some devices also measured night-time BP (n = 5), sleep monitoring (n = 3), oxygen saturation (n = 3), temperature

(n=2) and electrocardiogram (n = 3). Eight devices showed mean biases of <5 mmHg for SBP and DBP compared with

a reference device and three devices were commercially available. The meta-analysis showed no statistically significant

differences between the wearable and reference devices for SBP (pooled mean difference =3.42 mmHg, 95% Cl:

—2.17,9.01, I 95.4%) and DBP (pooled mean = 1.16 mmHg, 95% Cl: —1.26, 3.58, I 87.1%).

Conclusion Several cuffless BP devices are currently available using different technologies, offering the potential for continuous BP

monitoring. The variation in standards and validation protocols limited the comparability of findings across studies and

the identification of the most accurate device. Challenges such as validation using standard protocols and in real-life set-

tings must be overcome before they can be recommended for uptake into clinical practice.
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Introduction

High blood pressure (BP) is the most common modifiable risk factor
causing the largest burden of diseases globally,” including stroke, car-
diovascular disease, and end-stage renal disease. In 2015, 1.13 billion
adults had high BP leading to over 19% of all deaths."? Among those
diagnosed with high BP, more than 80% have uncontrolled BP leading
to increased morbidity and mortality.> A recent global survey on
>1.5 million adults reported that among those on treatment for
high BP, >71% had uncontrolled BP (>130/80 mmHg).* High BP is
also a leading risk factor for disability, accounting for 122.2 million
disability-adjusted life years.> Over the past decades, population
growth, increasing life expectancy, unhealthy lifestyle and an aging
population have led to an increase in the global burden of high
BP.! The actual burden is likely to be even higher as more than
one-third of people worldwide with high BP remain undiagnosed.®

An effective approach to reduce hypertension-related disease
burden is early detection and initiation of treatment, including life-
style modification, and ongoing monitoring.” Despite significant ad-
vancements in healthcare and the availability of low-cost, effective
therapies, overall progress in BP control has been slow due to the
large number of undiagnosed cases of high BP and lack of regular
BP assessment over time. Conventional management strategies
rely on physician-centric diagnosis and BP assessment in clinics, which
has several limitations, including measurement errors, ‘white-coat
hypertension’ and failing to measure the circadian and seasonal

variations in BP.2 Additionally, clinic BP measurements often fail to
detect masked hypertension (i.e. high BP at home and outside the
clinic but not in the clinic)—which is present in 20-40% of people
and an essential marker for CVD risk 9—Ieading to inadequate treat-
ment and incomplete follow-up. Twenty-four-hour ambulatory BP
monitoring (ABPM) is essential for accurate detection of hyperten-
sion but is costly and subject to user discomfort."®"" Home monitor-
ing overcomes these limitations but only records periodic resting BP
and requires manual input from individuals, which reduces feasibility.

New approaches are needed for continuous monitoring of BP that
is simple and unobtrusive, acceptable to users and clinicians, and en-
ables better tracking of treatment response, and hence a greater abil-
ity to manage and titrate treatments. Recent developments in sensor
technologies offer the promise to monitor BP throughout daily life,
over prolonged periods, and across many individuals.">"® ‘Cuffless’
technologies such as photoplethysmography (PPG), electrocardio-
gram (ECG), ballistocardiography,'* microelectromechanical,’®
magneto—plethysmography,16 bioimpedance,'” ultrasound image
processing,18 and mobile phone sensors'” can be used to estimate
BP from pulse transit time (PTT), pulse wave velocity (PVWV), and
pulse arrival time parameters.20 These wearable cuffless BP devices
could enable long-term monitoring to support enhanced BP manage-
ment.”> A review on wearable BP devices summarized develop-
ments, research trends, and prospects for clinical use?’ but did not
review measurement validity. Recent work and position statements
have highlighted the problems with inaccurate BP measurement and
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the lack of formal validation of devices according to established stan-
dards.?>? Currently, there is a dearth of information about the fea-
tures, validity and clinical application of wearable BP devices.
Moreover, there is no consensus regarding BP measurement accur-
acy standards of cuffless devices. While different methods claim su-
periority, no systematic reviews have compared the validity of these
devices. Therefore, we aimed to systematically review the features
and validity of wearable BP devices that have the potential for appli-
cation in clinical settings.

Methods

We conducted a systematic literature search following the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses statement.>*

Search strategy

MEDLINE, Embase, IEEE Xplore, and the Cochrane Database of
Systematic Reviews were searched from inception to December 2019
without language restriction. The following related terms and phrases
were used: (Cuffless) OR (Wearable OR Body OR wear*) AND
(Blood pressure OR BP OR blood pressure monitor* OR BP monitor*
OR blood pressure measur* OR BP measur*). The Medline Ovid search
strategy is presented in Supplementary material online, Table S7 and was
adapted as required for other databases. Relevant reviews and
meta-analyses were hand-searched to identify additional studies. Two re-
viewers (S.M.S.l. and R.D.) also hand-searched bibliographies of included
articles and reviewed the grey literature (i.e. Google Scholar, conference
proceedings, and relevant websites https:/www.stridebp.org, https:/
medaval.ie/and https:/bihsoc.org/bp-monitors/which provide the most
comprehensive independent international device registry and database
for BP monitors) to identify additional studies.

Eligibility criteria

Inclusion criteria were as follows: eligible studies described the validation
of wearable cuffless BP devices against a reference device in humans. For
the purpose of this review, wearable cuffless BP devices were broadly de-
fined as those worn on or non-invasively attached to the body that did
not require inflation of a pneumatic cuff to determine BP. This includes
cuffless devices with calibration step requiring cuff BP.

Exclusion: We excluded studies that did not include a reference device
for assessing validity, described devices that used a pneumatic cuff or in-
vasive sensing components, or evaluated devices using animal, simulation
models, presented only algorithms, or did not have full text. We also ex-
cluded studies that described only methodological concepts or lacked
sufficient information to determine eligibility.

Study selection

Two reviewers (S.M.S.I. and N.S.) independently screened titles and ab-
stracts for potential eligibility. Full papers of potentially eligible articles
were retrieved and assessed. Information from eligible articles was en-
tered into a predesigned electronic spreadsheet developed for this re-
view. Devices were included in this review if they met all the inclusion
criteria, and the reasons for exclusion were recorded (Figure 1). Any dis-
agreements were resolved by discussion and consultation with other
authors (RM. and CK.C)).

Data extraction and analysis

Before data extraction, a set of features considered essential or desirable
in wearable BP devices was developed based on literature reviews and
expert opinion. We extracted the following information: characteristics

of the included studies (name of the device, author/year, sample size,
country of the study, study population and recruitment strategies), char-
acteristics of the wearable BP devices (anatomical location of the sensors,
mechanism of BP measurement), reference device, validation protocol,
BP data from test and reference devices, clinical application and additional
features and prototype or commercial availability, and practical and func-
tionality features of the wearable BP devices (ease of use, battery life,
costs, alerts/reminders, data storage, data viewing, data transfer/sharing
and related app). Where possible, additional information (e.g. device fea-
tures and cost) were extracted from manufacturers’ websites. Devices
that were described in two or more publications were summarised as
a single device. Features that could not be ascertained were considered
absent. Differences in data extraction were resolved by consensus and in
consultation with another researcher (C.K.C. and RM.). While the IEEE
guideline25 recommends that for a cuffless device to be valid, the mean
absolute difference (MAD) between test and reference device should
be <7 mmHg for both systolic BP (SBP) and diastolic BP (DBP), this
was not possible due to lack of MAD data from the included studies.
Therefore, for the purpose of this study, we defined devices with a
mean SBP and DBP biases of <5 mmHg as valid as a consensus. Our def-
inition of validity did not include assessment of device measurement pre-
cision, which is assessed by standard deviation of the mean difference
(MD) and is a critical component of ISO protocol validation criteria.

Data were analysed using IBM SPSS version 22.0 (IBM Corporation).
Device characteristics and features are presented as means or medians
for continuous data and as frequencies and proportions for categorical
data. We classified the cuffless BP devices based on their additional clin-
ical functions and types of sensors used to measure BP. The MD between
SBP and DBP between the test and reference devices was calculated and
compared for assessing the validity of cuffless BP devices. The mean
biases for SBP and DBP were pooled across all included studies using
MATLAB.? The meta package in R was used to perform random-effects
model to pool effect sizes as we anticipated considerable between-study
heterogeneity. We used the restricted maximum likelihood estimator?’
to calculate the heterogeneity variance T2 The Knapp—Hartung adjust-
ments® was used to calculate the confidence interval around the pooled
effect. We calculated pooled mean and standard deviation for secondary
analyses using following equations:

1 n
mean, = — E z;.
N5

1 n
D, = [-> (@ — 2)%
nl (zi — meany)

Where, z € {SBP, DBP} and Z; is the reported measurement of average
SBP or DBP for i study, n is the total number of studies used in the
pool analysis. Finally, mean, and SD, represent the pooled mean and
standard deviation of SBP and DBP values. We then calculated the differ-
ence between the pooled mean bias and the mean bias of individual stud-
ies for both SBP and DBP measurements. Sensitivity analysis was
performed by removing studies with high heterogeneity/differences in
mean bias between test and reference device.

Assessment of risk of bias and
methodological quality

Study quality was assessed by two independent reviewers (R.D. and
S.M.S.L) using the Quality Assessment of Diagnostic Accuracy Studies
version 2 (QUADAS-2) tool,2” which has been widely used in systematic
reviews to evaluate the risk of bias and applicability of primary diagnostic
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Figure 1 Study flow diagram.

accuracy studies. Quality Assessment of Diagnostic Accuracy Studies
version 2 consists of four key domains: patient selection, index test, ref-
erence standard, and flow and timing. Each domain was assessed in terms
of risk of bias (low, high, or unclear) and the first three in terms of con-
cerns regarding applicability. Results were expressed as the frequency of
each response. Any disagreement was resolved by consensus and con-
sultation with a third author (C.K.). We used tabular and graphical dis-
plays in Review Manager 5.3°° to summarize the QUADAS-2 appraisals.

Results

The search identified 430 study records, of which 16 studies, includ-
ing 15 devices and 974 participants (range n = 4-313), were included
in the review (Figure 7). Studies were conducted in 12 countries (2
each in South Korea, India, China and Netherlands, one each in

Hong Kong, Japan, Greece, the UK, the USA, Spain, ltaly, and
Australia). All studies except one®' were single-centre studies.
Studies included mixed normotensive and hypertensive (N=6),
normotensive only (N=7), and hypertensive only (N=1) partici-
pant cohorts. Two studies did not specify the participants’ BP status.

The characteristics of the included studies are presented in Table 1.

Technologies to estimate blood pressure
Most of the wearable devices used PPG sensors to estimate BP (N=
13, of which 6 also included ECG sensors). Three devices used other
sensor technologies such as magneto-plethysmography, seismocar-
diography and digital auscultation. Sensors were used to detect
PWYV, tonometry, seismocardiogram, ECG and PPG waves at differ-
ent anatomical locations, including the wrist (N =7), fingers (N = 6),
chest (N=4), and over the carotid artery (N=1). Devices used
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different algorithms to estimate BP; only three studies described
these algorithmes.

Device validation

Only six studies reported using a standardized international BP valid-
ation protocol (Table 2). Included studies used a variety of reference
BP devices, including ABPM (N = 3), mercury sphygmomanometer
(N=3), and automated pneumatic cuffs worn on the finger (N=
2), wrist (N =2), upper arm (N = 2), and undisclosed anatomical lo-
cations (N = 3). All of the reference devices were approved devices
based on international protocols and used according to standards of
BP determination. Ten wearable devices required calibration before
use; three did not require calibration, and calibration requirements
were not reported for the remaining three studies.

Practical and functional usability features
of the wearable blood pressure devices
In addition to BP and heart rate, some devices also measured night-
time BP (n=15), sleep monitoring (n = 3), oxygen saturation (n = 3),
temperature (n=2), and ECG (n=3). Wearable BP devices were
classified based on the clinical application as either (i) basic devices
(N=10) that provided basic BP and heart rate measurement, or
(ii) advanced devices (N = 6) which also provided customizable and
interactive features such as BP statistics over-time, data sharing,
and multiple user support. Only three devices: B-Pro,”"
Somnotouch-NIBP*” and T2-Mart* were commercially available as
consumer products (Table 2).

Reported device battery life varied from 7 days to 6—8 h. The cost
of commercially available devices ranged from $50 to $3000; costs
were not available for prototype devices. Three devices provided re-
minders to measure BP and alerts for high BP, and seven devices had
onboard data storage; it was unclear whether remaining devices
could store data. Most devices included displays to show BP mea-
surements (N = 13). Nine devices had data transfer/sharing capacity,
including five that could connect with mobile apps while others dis-
played/stored BP data on the device. The main usability of the wear-
able devices would be long-term BP measurement in daily living
conditions, but only six devices were suitable for such
use 313234384445 (Tap e 3)

Measurement validity and meta-analysis
Eight devices showed mean biases of <5 mmHg for SBP and DBP
compared with a reference devicee Only two devices:
Somnotouch-NIBP by Somnomedics*® and Freescan by Maisense®
are currently included in the STRIDE BP Validated Cuffless BP
Monitor list (https:/stridebp.org/bp-monitors).

Data on mean (SD) biases between test and reference devices
were available for only 12 studies. The pooled effect size estimates
did not show statistically significant differences between wearable
cuffless BP devices and a reference device in measuring both systolic
[MD (95% Cl): 3.42 (—2.17, 9.01)] and DBP [MD (95% Cl): 1.16
(—1.26, 3.58)] (Figure 2). Regarding heterogeneity, the between-
study heterogeneity variance was estimated at T2 =25.99 (95% Cl:
9.14-175.18), with an I* value of 95.4% (95% Cl: 92.3-97.2%) for
SBP. The prediction interval ranged from MD = —11.92 to 18.76, in-
dicating that negative intervention effects cannot be ruled out for

future studies (Figure 1). Similarly, for DBP, the between-study het-
erogeneity variance was 7> =3.88 (95% Cl: 1.10-37.15), with I>=
87.1% (95% CI: 74.3-93.5%). The prediction interval ranged from
MD = —4.82 to 7.15, indicating that negative intervention effects
cannot be ruled out for future studies (Figure 2).

One study > showed large biases for both SBP and DBP. Excluding
this study, the pooled mean biases were 3.16 + 4.13 mmHg (range:
—1.80 to 13.19 mmHg) for SBP and 1.22 + 2.25 mmHg (range:
—1.00 to 5.86 mmHg) for DBP (see Supplementary material
online, Figure ST). A sensitivity analysis removing two studies with ex-
treme mean BP difference®>° showed the pooled mean biases in
SBP and DBP of 254 +421mmHg (range: —1. 80 to
13.19 mmHg) and 0.93 + 2.22 (range: —1.00 to 5.86 mmHg) (see
Supplementary material online, Figure S2). The mean biases between
the devices using PPG for SBP and DBP were 12.09 + 14.30 mmHg
(range: —1.80 to 38.0 mmHg) and 3.27 + 2.25 mmHg (range —0.33
to 5.86 mmHg) and for devices using PPG + ECG for SBP and DBP
was 2.18 + 1.01 mmHg (range: 0.50 to 3.20 mmHg) and 0.40 +
1.56 mmHg (range: —0.80 to 2.60 mmHg) (See Supplementary
material online, Figure S3 and $4).

Risk of bias of the included studies

The quality of the studies varied (Figure 3). Risk of bias regarding pa-
tient selection was judged to be low in seven studies 31-33.35.3842.45
and high in three studies.>**** Increased risk of bias was associated
with insufficient data on patient enrolment and inappropriate exclu-
sion criteria. The risk of bias regarding the index test and reference
standards was low in all studies as all studies included validated de-
vices. Five of the 16 studies did not report sufficient information re-
garding participant flow and timing, while this risk of bias was judged
to be low in 10 studies.?"?>3¢3%~#143746 gt dies that used standar-
dised validation protocols (e.g. European Society of Hypertension)
had a lower risk of bias than studies that used custom validation pro-
tocols. Regarding the applicability for index and reference standards,
all studies had a low risk of bias since data were generated by the test
and reference devices without any human interpretations. Overall,
seven studies showed a low risk of bias across all domains and the
remaining nine studies were assessed as having a moderate risk of
bias. In addition, all studies showed low concern regarding
applicability.

Discussion

Our review identified a number of cuffless BP devices utilising differ-
ent approaches for BP measurement, which were mostly prototypes
and not available commercially. These devices used a range of differ-
ent BP sensor technologies, but it remains unclear which sensors of-
fer superior validity. While the clinical utility of cuffless BP devices is
yet to be established, the ability to obtain accurate BP data with a de-
vice that captures this throughout daily living offers potential for car-
diovascular risk assessment and management. Our findings may
inspire further research and help pushing BP management in a new
direction.

This systematic review and meta-analysis is the first to report the
measurement accuracy of wearable cuffless BP devices. We found
substantial variation in sensor technologies and validation
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A
Study MD SE Mean Difference MD 95%-Cl Weight
Garcia-Ortiz et al 2012 -1.01 0.1991 l -1.01 [-1.40;-0.62] 17.5%
Bilo et al 2015 -0.44 1.0619 . 3 -044 [-252; 1.64] 16.8%
Park et al 2007 0.38 0.7793 = 0.38 [-1.15; 1.91] 171%
Boubouchairopoulou et al 2017 3.20 0.7267 [=5] 320 [1.78;, 462] 171%
Kim et al 2018 6.35 1.5143 S 6.35 [ 3.38; 9.32] 16.1%
Islam et al 2019 13.19 1.8582 —+— 13.19 [ 9.55;16.83] 15.4%
Random effects model ~——— 3.42 [-217; 9.01] 100.0%
Prediction interval [-11.92; 18.76]
Heterogeneity: 12 = 95%, p < 0.01 P 11
-15-10 -5 0 5 10 15
B
Study MD SE Mean Difference MD 95%-Cl Weight
Park et al 2007 -1.00 0.6423 *‘-f -1.00 [-2.26;0.26] 17.7%
Bilo et al 2015 -0.33 0.5919 *'f -0.33 [-1.49;0.83] 18.0%
Garcia-Ortiz et al 2012 -0.09 0.3903 —-— -0.09 [-0.85;0.67] 18.9%
Kim et al 2018 1.76 0.9741 e 1.76 [-0.15; 3.67] 15.8%
Boubouchairopoulou et al 2017 2.60 0.4989 |- 260 [1.62;3.58] 18.4%
Islam et al 2019 5.86 1.7039 i ———— 586 [252,920] 11.2%
Random effects model S 1.16 [-1.26; 3.58] 100.0%
Prediction interval [-4.82; 7.15]
Heterogeneity: 12 = 87%, p <0.01
-5 0 5

Figure 2 Pooled effects of bias in systolic and diastolic blood pressure measurement in various wearable devices. (A) Pooled effects of bias in SBP.

(B) Pooled effects of bias in DBP.

approaches of these devices that limited their direct comparison. A
challenge to the validation of these devices is that many of the cuffles
devices obtained long-term measures or multiple measures over a
shorter period. Yet the majority of validation used static ESH or
AAMI protocols, which may not be suited to the cuffless device.*®,
This inhibits their recommended for current clinical use. An alterna-
tive approach would be to compare wearable BP data with long-term
measurements, such as in a hospital or the clinic with an intra-arterial
recording or continuous finopemter.

The majority of wearable cuffless devices included in this review
estimated BP from measurements of PTT, PPG, finometer and
PPG 4 ECG. Our results suggest that devices that used PPG +
ECG to estimate BP performed better than those that used only
PPG, which is in line with a study by Nitzan showing that PTT calcu-
lated using ECG + PPG had a better correlation with SBP than the
PTT derived from PPG alone.** However, obtaining ECG can be
problematic as it requires electrodes to be connected to the wear-
able device making it less suitable for use during daily activities.
PPG is a simple technology based on measurement of changes in light
absorption with a light-emitting diode to illuminate the skin and a
photodetector which can be integrated into portable devices.*°

The main usability of the wearable devices is to measure BP during
activities of daily living and over-time to which is important for man-
aging high BP. However, BP varies throughout the day and is affected
by temperature, daily activities, including eating, physical activity or
sedentary time and different exercise conditions.®" It is not clear
how the wearable devices in this review adjusted for these various

conditions as detailed algorithms for BP measurements were not
provided by the majority of the studies. Most of the included devices
required BP to be measured at rest and not during exercise or con-
tinuously and measurements were affected by body movements and
active noises, thereby limiting their use. Battery life is a critical feature
for wearable devices, especially for long-term BP measurement,
which could inform clinical decisions about medication use and titra-
tion by a better understanding of BP patterns and stability.

While some PPG-based wearable cuffless devices appear to meas-
ure BP within 5 mmHg of reference device, there are opportunities
for improvement. First, BP detection algorithms need to consider
movement artefacts and individual physiological variations to re-
present true BP.>? Although individual physiological variations can
be taken into account via the calibration this has not been clearly
mentioned in the included studies. Second, BP measurement algo-
rithms should be based on large cohorts of participants from diverse
populations.50 Finally, there is need to report measurement
precision.

Although the primary function of devices in this review was to
measure BP, several devices were capable of measuring other vital
signs, including heart rate, ECG, oxygen saturation, physical activity
and sleep. These additional functions can provide contextual data
to guide interpretation of BP status. In addition, mobile connectivity
offers opportunities to deliver context-aware BP-related alerts and
reminders directly to participants, connect with clinicians and web-
based care platforms for long-term BP management. These addition-
al features could further improve management of high BP and
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Kim et al., 2018
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Figure 3 Risk of bias assessment using the QUADAS-2.

represent significant advantages over traditional BP devices.>?

Previous studies have reported that the wearable BP devices were
easy to use and acceptable among users,*® and healthcare providers
found the utility of the devices for clinical use if the measurements
were accurate.* Despite these positive findings, the use of wearable
BP device in clinics has yet to be initiated.

This review has some limitations. First, studies used a broad range
of BP measurement protocols and reference devices due to a lack of

Proportion of studies with low, high, or unclear
CONCERNS regarding APPLICABILITY

consensus on wearable BP device validation. While we extracted
data measuring BP at rest, methodological differences and uncer-
tainty in reporting protocol adherence made it difficult to directly
compare the accuracy between different types of sensor technolo-
gies (e.g. PPG vs. non-PPG, PPG vs. ECG), location (e.g. wrist, finger,
chest), and devotion to IEEE standards. Second, our indicator defin-
ition of BP validity <5 mmHg for SBP and DBP represents a signifi-
cant data limitation. This specification was ‘chosen’ due to the lack of
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more nuanced metrics for wearable BP device validation in inter-
national guidelines (IEEE standards for cuffless BP devices). Our def-
inition of validity did not include assessment of device measurement
precision, which is assessed by standard deviation of the MD and is a
critical component of ISO protocol validation criteria. Therefore, the
results of the study should be interpreted with caution.Third, only
three studies provided detailed algorithms for BP measurements.
The lack of details pertaining to the underlying sensing methods
and algorithms—aspects which dictate calibration requirements
are limitations of this study and barriers for widespread adoption
of the technology. In addition, it is not clear how the calibration
free devices accounted for individual physiological differences.
Fourth, evaluation of the overall sensitivity, specificity, and ROC
curves were not possible because of the absence of specific cut-off
points for BP differences between studies. Therefore, the pooled
analysis does not represent effect size but rather how well an individ-
ual devices in general perform against other devices. Fifth, SD was not
reported by 8 studies and 3 studies reported SD for SBP only, which
is a significant limitation of the individual study methods and report-
ing. Finally, the majority of studies measured BP among young people
in clinical and supervised settings, and their validity for use in activities
of daily living and in older people remains unclear.

Advances in recent technologies have improved power efficiency
and battery life in wearable devices leading to development of more
efficient devices. In 2020, Samsung Galaxy device and health monitor
app received clearance from South Korea’s Ministry of Food and
Drug Safety which has substantial utility for BP measurement. The
Seismo watch measured BP using seismocardiography by placing
the watch against the sternum to detect micro-vibration of the chest
wall associated with the heartbeat.** Other wearable BP devices, for
example, the Glabella used a pair of wearable spectacles ** and
Naptics used a wearable short to assess BP>°. Long-term BP meas-
urement could enhance diagnosis of hypertension among at-risk po-
pulations, help medication titration and enable appraisal of BP
regulation in response to physiological factors. Thus, wearable de-
vices could improve BP management by using machine learning and
providing new treatment strategies.s'f’f60 However, more user-
centric designs in diverse population groups and robust trials are
needed to demonstrate the effectiveness and cost-effectiveness for
long-term BP measurement. There is a need for developing universal
standards for wearable BP device validation, reporting, and interpret-
ation. Future wearable BP device studies should provide the detailed
of calibration methods, number of BP measurements, MD, standard
deviations, measurement precision, and algorithms based on inter-
national standards.®’

Conclusion

Wearable cuffless devices are a promising tool for long-term BP
measurement. However, challenges such as validation using standard
protocols and in real-life settings must be overcome before they can
be recommended for uptake into clinical practice. The current re-
view suggests wearable cuffless BP devices are still in their infancy
as most were prototypes and not available commercially, yet the
area is moving rapidly. Current devices use a range of different BP
sensor technologies, but it remains unclear which sensors offer

superior validity. Further studies comparing different wearable BP
devices using a standardized validation protocol are required.
Research into the role and clinical utility of these devices and particu-
larly whether they can augment and improve BP management are
needed.
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