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A recent study found that only 23.8% of blood pressure (BP) devices available for purchase from Australian pharmacies were
validated for accuracy. The extent to which pharmacists are aware of this, and other issues related to the accuracy of BP devices, is
not known and gathering this information was the aim of this study. An online survey of Australian pharmacists was distributed via
the Pharmaceutical Society of Australia between 1 October and 25 November 2020. Questions were focused on the views of
pharmacists related to the accuracy of BP devices. Two hundred and ten pharmacists completed the survey. The accuracy of BP
devices sold by pharmacists was considered ‘quite’ or ‘extremely important’ to most respondents (94%). However, most
respondents (90%) were unaware that less than one-quarter of BP devices sold by Australian pharmacies were validated, and this
was ‘quite’ or ‘extremely surprising’ to many (69%). Many respondents (64%) associated a particular brand of BP device with greater
accuracy. There was low awareness on proper ways to identify accurate BP devices, such as checking reputable online databases
(43%). BP devices were stocked in respondents’ pharmacies based on perceived quality (50%), accuracy (40%), or as determined by
the pharmacy chain (36%). In conclusion, providing accurate BP devices to consumers is important to pharmacists, but they were
generally unaware that most devices available from pharmacies were not validated for accuracy. Pharmacist education, alongside
advocacy for policies including regulations and strategic action, is required to ensure only validated BP devices are sold in Australia.
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INTRODUCTION In most countries, and also in Australia, evidence of proper

High blood pressure (BP) is the leading modifiable risk factor for
cardiovascular disease and is responsible for over 10 million
deaths globally each year [1]. Most early studies that provided
evidence on the importance of high BP were performed using
auscultatory BP measurements [2]. However, the accuracy of
auscultatory BP is prone to error from incorrect user- and
measurement processes [3]. To eliminate some of these errors
and achieve more standardised BP measurements, automated BP
devices are now recommended [4, 5].

Automated BP devices seek to derive BP values that are the
same as auscultatory BP [6]. The accuracy of automated BP devices
must be compared to auscultatory BP in accordance with a
rigorous, internationally accepted scientific protocol [7, 8]. An
automated BP device that fulfils the accuracy requirements set out
in an accepted protocol is regarded as clinically validated.
Validation testing is critically important because automated
devices that are formally validated are more likely to have a
higher degree of accuracy compared with those which are not
validated or for which there is no evidence of validation [9-11].

clinical validation is not mandatory for an automated BP device to
receive regulatory clearance (by the Therapeutic Goods Adminis-
tration (TGA)) and be marketed for sale. Consequently, automated
BP devices with unacceptable accuracy may be used for
measurement of BP and subsequent clinical decisions, threatening
appropriate management of hypertension. Using such devices
could hinder attempts to reduce the risk of cardiovascular disease
if the true BP is underestimated, whereas if the true BP is
overestimated, patients could be overtreated and exposed to
otherwise avoidable side effects of medication.

Recent work from Australia found that only 23.8% of automated
BP devices sold online by pharmacies were validated [12]. This is a
potential problem because pharmacists are trusted health
professionals and a primary provider of BP devices to Australian
consumers [13], but may be providing devices that have not been
proven to be accurate. The extent to which pharmacists are aware
of this is unknown and was one of the aims of this study.
Furthermore, even though pharmacies tend to provide BP devices
from well-known brands, accuracy cannot be assured or
associated with a specific brand [14]. The extent to which

"Menzies Institute for Medical Research, University of Tasmania, Hobart, TAS, Australia. 2School of Pharmacy and Pharmacology, University of Tasmania, Hobart, TAS, Australia.
3Department of Medicine, Physiology and Pharmacology and Community Health Sciences, O'Brien Institute for Public Health and Libin Cardiovascular Institute of Alberta,
University of Calgary, Calgary, AB, Canada. “Institute of Cardiovascular and Medical Sciences, University of Glasgow, Glasgow, UK. *Department of Internal Medicine, Holbaek
Hospital, Holbaek, Denmark. ®Centre for Individualized Medicine in Arterial Diseases, Department of Regional Health Research, University of Southern Denmark, Odense,
Denmark. “Department of Medicine, University of Alberta, Edmonton, AB, Canada. School of Population Health, University of New South Wales, Sydney, NSW, Australia. *The
George Institute for Global Health, Sydney, NSW, Australia. '°Hypertension in Africa Research Team (HART), Potchefstroom, South Africa. ''Medical Research Council Unit for
Hypertension and Cardiovascular Disease, North-West University, Potchefstroom, South Africa. *email: dean.picone@utas.edu.au

Received: 6 August 2021 Revised: 11 February 2022 Accepted: 24 February 2022
Published online: 21 March 2022

SPRINGER NATURE


http://crossmark.crossref.org/dialog/?doi=10.1038/s41371-022-00670-4&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41371-022-00670-4&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41371-022-00670-4&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41371-022-00670-4&domain=pdf
http://orcid.org/0000-0002-4760-1634
http://orcid.org/0000-0002-4760-1634
http://orcid.org/0000-0002-4760-1634
http://orcid.org/0000-0002-4760-1634
http://orcid.org/0000-0002-4760-1634
http://orcid.org/0000-0002-1093-4742
http://orcid.org/0000-0002-1093-4742
http://orcid.org/0000-0002-1093-4742
http://orcid.org/0000-0002-1093-4742
http://orcid.org/0000-0002-1093-4742
http://orcid.org/0000-0003-2238-2612
http://orcid.org/0000-0003-2238-2612
http://orcid.org/0000-0003-2238-2612
http://orcid.org/0000-0003-2238-2612
http://orcid.org/0000-0003-2238-2612
http://orcid.org/0000-0003-3541-2817
http://orcid.org/0000-0003-3541-2817
http://orcid.org/0000-0003-3541-2817
http://orcid.org/0000-0003-3541-2817
http://orcid.org/0000-0003-3541-2817
http://orcid.org/0000-0001-9217-4937
http://orcid.org/0000-0001-9217-4937
http://orcid.org/0000-0001-9217-4937
http://orcid.org/0000-0001-9217-4937
http://orcid.org/0000-0001-9217-4937
http://orcid.org/0000-0003-2792-0811
http://orcid.org/0000-0003-2792-0811
http://orcid.org/0000-0003-2792-0811
http://orcid.org/0000-0003-2792-0811
http://orcid.org/0000-0003-2792-0811
https://doi.org/10.1038/s41371-022-00670-4
mailto:dean.picone@utas.edu.au
www.nature.com/jhh

D.S. Picone et al.

236

Table 1. Characteristics of the 210 pharmacists who completed the
survey, as well as available national statistics [18].

Characteristics n (%) Australian statistics on
pharmacists, n (%) (18)
Age
<30 years 25 (12) 6052 (18)
30-39 years 54 (26) 12,789 (39)
40-49 years 46 (22) 6330 (19)
50-59 years 40 (19) 3844 (12)
60-69 years 31 (15) 2635 (8)
70+ years 12 (6) 1209 (4)
Prefer not to say 2 (1)
Female sex 146 (70) 21,685 (63)
State/territory
ACT 2(1) 627 (2)
Queensland 28 (13) 6456 (20)
Tasmania 9 (4) 794 (3)
Victoria 57 (27) 8148 (26)
New South Wales 63 (30) 9610 (30)
South Australia 22 (11) 2241 (7)
Western Australia 27 (13) 3423 (11)
Northern Territory 1 (0.005) 256 (1)
Highest pharmacy qualification
Bachelor of Pharmacy 144 (69)
(standard degree)
Honours (Hons) 19 (9)
Ph.D. 4(2)
Masters 19 (9)
Ph.C. 3(1)
Graduate Diploma 15 (7)
Other 6 (3)
Pharmacist registration year
Prior to 1985 59 (28)
1986 to 2000 46 (22)
2001 to 2015 77 (37)
2016 or later 27 (13)

HMRs home medicines reviews, RMMRs residential medication manage-
ment reviews.

pharmacists are aware, or undertake the process of checking
validation status, as well as other issues related to the accuracy of
BP devices and provision of advice to consumers, is not known.
Thus, this study also aimed to better understand these issues via
surveying the views of practicing Australian pharmacists.

METHODS

Study overview

The online survey was conducted between 1 October 2020 and 25
November 2020 via the Research Electronic Data Capture portal [15]. The
survey was distributed to members of the Pharmaceutical Society of
Australia (PSA) via its emailed newsletter on 1 October 2020, with two
reminders in subsequent newsletters, each spaced by a fortnight. There
were no other selection criteria for the respondents.

The PSA is the only Australian Government-recognised national
pharmacy organisation representing pharmacists in Australia. Survey
responses were accepted until the day of online publication of an article
containing information about the prevalence of validated BP devices in the
Australian Pharmacist journal [16], which is the official journal of the PSA. It
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was not possible to determine the exact number of PSA members that the
survey was distributed to (i.e. ‘approached for the research’). The study was
approved by the Tasmanian Health and Medical Human Research Ethics
Committee (reference H0023506). By submitting a completed survey,
respondents provided consent for use of their responses in the
research study.

This work has been conducted under the auspices of the Lancet
Commission on Hypertension Group, who have recently published a
position statement and recommendations with the aim of achieving
greater global availability of validated BP devices [7]. The Group is also
performing research studies to better understand factors contributing to
the high prevalence of non-validated BP devices [12], and to identify
potential solutions to this problem [17].

Survey questions

The survey was developed by the investigator team and was then tested
and revised based on the feedback of colleagues from the University of
Tasmania, including those with qualitative research experience. The survey
included participant demographic questions, including age range, sex,
pharmacy qualifications, professional practice and geographic location in
Australia. The survey also included questions related to attitudes and
knowledge of BP devices and processes to determine device quality.
Questions regarding measurement of BP in community pharmacies were
also asked, with the purpose of understanding the methods and types of
devices used. The survey questions were designed as either five-point
Likert scale, true/false, multiple choice ‘check all that apply’ or open
response fields. All true/false questions had ‘unsure’ and ‘other’ options
(details in Supplementary Methods).

Statistical analysis

Categorical data were reported as number of responses (percentage of
total responses). Chi-square tests were used to examine whether
pharmacist demographics were associated with certain responses to the
BP specific questions. Chi-square analyses of the age range variable were
performed by stratifying to age <50 years or =50 years. Chi-square tests of
true/false questions about BP devices passing accuracy testing and TGA
approval were analysed by combining the response options ‘false’, ‘unsure’
and ‘other’ into a single category. All statistical analyses were conducted
using R version 3.5.1.

RESULTS

Pharmacist demographics

Table 1 details the characteristics of respondents, who came from
all states and territories of Australia. The age range of respondents
was broad; 70% were female, and the sample appeared to be
nationally representative in terms of age and sex (Table 1 and
Supplementary Results) [18]. Respondents’ highest qualification
was most commonly B. Pharm and most of their working time was
spent in community pharmacy.

Attitudes toward BP monitors

Most respondents reported that the accuracy of BP devices sold
by pharmacists was ‘quite’ (n =94, 45%) or ‘extremely important’
(n=103, 49%) to them (Fig. 1A). About half of the respondents
believed all devices they sold were equally reliable in terms of
measurement accuracy (n = 106, 51%). One-hundred and thirteen
(54%) respondents mistakenly believed that BP devices must pass
accuracy testing according to rigorous scientific standards before
being sold in Australia, and 86 (41%) were unsure. One hundred
and twenty-eight (62%) respondents mistakenly believed that a BP
device approved by the TGA provided confirmation it had passed
accuracy testing, while 64 (31%) respondents were unsure.
Respondents were mostly unaware that only 23.8% of BP devices
sold by pharmacies in Australia were validated (n = 188, 90%), and
found this ‘quite’ or ‘extremely’ surprising (n = 144, 69%; Fig. 1B).
Respondents younger than 50 years of age were more likely to be
surprised than those aged 50 years or older (x*=5.2, p = 0.023).
Younger respondents were also more likely to mistakenly answer
that BP devices approved for sale in Australia must pass accuracy
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Responses to survey questions on knowledge of blood pressure device validation in Australia. Distribution of responses to the

questions “Is the accuracy of blood pressure devices sold by pharmacists an issue of importance to you?” (A) and “Is this statistic (that 23.8% of
blood pressure devices sold by pharmacies in Australia have passed accuracy testing according to rigorous scientific standards) surprising to
you?” (B). Each respondent could only select a single option from five-point Likert scales.

Type (e.g. upper-arm vs. wrist)

Brand

Checks of online databases that list accurate
blood pressure devices

Claims of clinical accuracy on the box or via
other marketing

Price

Unsure

None of the above

Other

17 (8%)

168 (80%)

134 (64%)

28 (13%)

40 60 80 100
Percentage of responses

m Factor could be used to identify the accuracy of a blood pressure device

Fig.2 Prevalence of survey responses to factors that could be used to identify the accuracy of a blood pressure device. There was no limit
on the number of factors a respondent could select. Data adjacent to each bar represent n (%).

testing (x> = 17.0, p < 0.0001) and that TGA approval of BP devices
was confirmation that those devices had passed accuracy testing
(* =64, p=0012).

Awareness on identifying accurate BP monitors

There was low awareness of proper ways to determine the
accuracy of BP devices, with only 91 (43%) respondents answering
that checks of online databases that list accurate BP devices was
an appropriate method. Respondents younger than 50 years of
age more commonly indicated that claims of clinical accuracy on
the device box or via other marketing could be used to identify
the accuracy of a BP device (Y*=6.2, p=0.013). On the other
hand, pharmacy owners or managers were more likely than other
respondents to correctly identify that checks of online databases
listing accurate BP devices could be used to identify the accuracy
of a BP device. Most respondents (n=168, 80%) correctly
associated greater accuracy with upper arm cuff, not wrist cuff,
devices. Many respondents (n= 133, 64%) associated accuracy
with a particular brand of device (Fig. 2). From a list of brands, one
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was most frequently selected by respondents as being associated
with greater accuracy than other brands (n = 129, 61%; Fig. 3).

Decisions about BP devices stocked in pharmacies
Respondents selected ‘quality’ of BP devices as the main reason
that specific devices were stocked in their pharmacy (n =104,
50%), indicating that perceived quality may drive the selection of
devices to sell. 75 (36%) respondents had no control over the BP
devices stocked in their pharmacies because this was determined
by the pharmacy chain.

Advice to patients buying BP devices

Most respondents stated that they provided advice on measuring
BP at home to people buying BP monitors, either always (n = 155,
75%) or sometimes (n =49, 24%). However, there was variability
among respondents regarding the sources of advice provided,
which included: general knowledge on BP (n=146, 70%),
information from the Heart Foundation (n =118, 56%), and the
Australian home BP consensus document [19] (n = 30, 14%). Other
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Fig.3 Brands of blood pressure devices and percentage of respondents who associated one brand with being more accurate than others
(black segment of bars). There was no limit on the number of brands of devices a respondent could select. Data adjacent to each bar

represent n (%).

sources of home BP advice included in-house materials, BP device
manufacturer advice, Royal Australian College of General Practi-
tioners guidelines and the PSA Self Care Programme (n=1
for each).

Respondents recommended that people purchasing BP devices
at their pharmacies take their BP devices to be checked for
accuracy against auscultatory BP measured by a general practi-
tioner (GP) or other health professional, either ‘sometimes’ (n =
113, 54%) or ‘always’ (n =31, 15%). Most respondents ensured
people were supplied with an appropriately sized cuff ‘always’
(n =140, 67%) or ‘sometimes’ (n = 54, 26%).

Measuring BP in community pharmacy

Most respondents reported their pharmacy offers a service to
measure BP (n=178, 86%). If a BP measurement service was
offered, one brand of BP device was reported to be used the most
(n = 144/165 responses, 87%) and there was no evidence that BP
kiosks were used in the pharmacies. Respondents ‘always’
provided the BP results to patients (n=177/177 responses,
100%), but did not frequently pass them onto the patients’ GPs
(n =62, 36%). Many respondents also recorded the BP measure-
ments in the pharmacy’s clinical information system (n=
112, 64%).

Respondents nearly always gave advice or recommendations to
people following BP measurement (n =176, 99%), which was
mainly to take the results to a GP for interpretation (n = 134, 64%).
Advice was also frequently given to people based on Australian BP
guidelines [19] (n = 139, 66%).

DISCUSSION

This study found that pharmacists have a strong level of care
about providing accurate BP devices to their consumers, but many
were unaware that pharmacies stock mostly non-validated BP
devices. There was low awareness of the factors associated with
BP device accuracy and methods to determine if a device was
accurate. While these findings are concerning, they are not
unexpected because it is reasonable for pharmacists to expect
that BP devices approved for sale by regulatory authorities have
been appropriately tested for accuracy.

Automated BP devices need to be clinically validated to ensure
that measurements are accurate [9, 10]. There are significant
health ramifications of inaccurate BP measurement for individuals,
as well as at the population-level. For individuals, underestimation
of true BP may deprive an opportunity to reduce cardiovascular
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risk. On the other hand, overestimation of true BP could trigger
unnecessary labelling of hypertension and prescription of lifelong
antihypertensive treatment. For population-level health outcomes,
one study using a large dataset from a BP survey conducted in
China showed inaccurate BP measurements of just 6/3 mmHg
could alter the perceived prevalence of hypertension from 33.4 to
44.7% and also change the perceived hypertension control rates
from 9.7 to 6.0% [20]. These problems may influence individual
health and public health policies on hypertension, but can be
mitigated by using clinically validated BP devices and employing
standardised BP measurement protocols [21].

Community pharmacies in Australia play a crucial role in patient
health, including for the sale and provision of advice on BP
devices to the general public. This survey has identified two
important areas that require ongoing work. First, increased
awareness and education of pharmacists about BP devices, which
has also been identified in other countries [22-24]. One survey of
109 pharmacies from the United Kingdom identified substantial
variability in the training of pharmacists to carry out BP
monitoring services [24]. That study also identified that only one
cuff size was available for 46% of pharmacy BP monitoring
services. This finding may indicate knowledge deficits regarding
the importance of cuff size to accurate BP measurement, but it is
unknown whether the devices that were sold by the pharmacies
also had limited cuff sizes available. Consistent with the present
study, previous work has also found limited awareness or
consideration of validation status of BP devices available or used
in pharmacies in Turkey and the United Kingdom [22, 24].
Pharmacist education could be facilitated via professional
organisations and through accreditation pathways and there is
evidence of successful educational interventions related to
understanding reference values for BP [25]. Education should
help rectify apparent misconceptions held by some pharmacists
about BP devices, such as particular brands being more accurate
than others, as identified in Fig. 3.

The second important area for ongoing work is dedicated
advocacy for policy changes, including regulations and strategic
action, to influence supply chains to ensure only validated BP
devices are sold in Australian pharmacies. Influencing supply
chains could be facilitated via pharmacy owners and chains,
because these stakeholders strongly influence which BP devices
are stocked by pharmacies. In the present study, 36% of
respondents identified pharmacy chains as responsible for
decisions about what BP devices are stocked. This is similar to a
previous English study which found 43% of BP devices used in
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pharmacy BP monitoring services were provided by the head
office of the business [24]. Fifty percent of respondents also
selected “Quality” as a reason for devices to be stocked, and this
finding is potentially driven by other factors such as brand
recognition and marketing of certain devices by manufacturers.
The World Health Organisation has also recommended that
government regulations should be strengthened to require that all
BP devices are validated for accuracy prior to pre-market approval
[5, 26]. Increased awareness of pharmacists and consumers on the
importance of clinical validation should also influence manufac-
turers as sales become preferentially favoured towards validated
BP devices. As well as validation of BP devices, the BP
measurement protocols that pharmacists use to measure BP are
an important component of accurate BP measurement but
questions on this topic were beyond the scope of this survey.

Beyond validation issues related to BP devices, pharmacists
should also provide standardised advice to consumers at the point
of sale on how to use their BP device and measure BP properly at
home. Ideally, pharmacists should ensure that consumers are
supplied with an appropriately sized cuff for their arm and,
reassuringly, most respondents said they do this either ‘all’ or
‘some of the time’. Most respondents also provided advice to
consumers on how to measure BP at home. However, variable
sources of evidence were drawn on to provide this advice, with
70% of respondents stating this was based on their general
knowledge on BP.

Deviations from internationally accepted home BP protocols
could lead to systematic errors in measurements. Therefore, these
findings suggest more work can be done to standardise the
sources of advice for consumers and ensure that only rigorous,
evidence-based materials are used. Best practice resources
currently exist from the Australian home BP consensus statement
[19], including pragmatic materials [27], which were endorsed by
the Heart Foundation and High BP Research Council of Australia,
but may need to be tailored specifically for pharmacists to
effectively deliver to their consumers.

There are some study limitations. The study sample size was
relatively small and we cannot exclude the possibility of selection
bias or that the respondents were not representative of Australian
pharmacists. The precise response rate could not be calculated
because the number of people receiving the invitation via the PSA
email distribution could not be provided. Although the number of
study participants may be modest, the characteristics of the
respondents appeared to be demographically representative of
Australian pharmacists, according to available national statistics, in
terms of age, sex and location [18]. Furthermore, selection bias
could be positive, meaning that pharmacists with an interest in BP
responded. If this was the case, the results may underestimate the
problems related to pharmacist awareness of issues related to BP
device validation and accuracy. The survey was not designed to
determine the specific advice that pharmacists provide to
consumers; therefore, it is uncertain the extent to which this
advice is appropriate. Nevertheless, diverse sources of advice were
identified, which suggests there is a need for standardisation.
Whether the findings from this study are generalisable globally,
especially to countries with different health systems or pharmacy
training to Australia, or to lower-income countries remains
uncertain. Studies from investigators outside of Australia indicate
that community pharmacies are an important source of BP devices
and BP monitoring for the public [28-30].

CONCLUSIONS

Australian pharmacists have a high level of care with respect to
providing accurate BP devices to consumers, but they were
generally unaware, and justifiably surprised, that most devices
available from pharmacies were not validated for accuracy
according to rigorous international standards. This survey
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demonstrates the need for education, dedicated advocacy for
policies, including regulations and strategic action, to ensure only
validated BP devices are sold in Australian pharmacies and that
evidence-based advice related to BP measurement is provided to
consumers.

SUMMARY TABLE

What is known about this topic

® A recent study found less than a quarter of BP devices
available from Australian pharmacies were validated for
accuracy

® Pharmacists are trusted health professionals in Australia that
supply BP devices to Australian consumers, but whether they
are aware of the low validation rate is unknown.

What this study adds

® Via online survey, we found that the accuracy of devices sold
by Australian pharmacists was quite or extremely important to
most respondents.

® Most respondents were unaware of only 23.8% of devices sold
by Australian pharmacists were validated and there was low
awareness on how to identify accurate devices and other
factors related to device accuracy.

® The findings indicate there is a need for education and
advocacy toward exclusive sale of validated BP devices in
Australian pharmacies.

DATA AVAILABILITY
The datasets analysed during the current study are available from the corresponding
author on reasonable request.

REFERENCES

1. Forouzanfar MH, Liu P, Roth GA, Ng M, Biryukov S, Marczak L, et al. Global burden
of hypertension and systolic blood pressure of at least 110 to 115 mm Hg,
1990-2015. JAMA. 2017;317:165-82.

2. Chen, Lei L, Wang JG. Methods of blood pressure assessment used in milestone
hypertension trials. Pulse. 2018;6:112-23.

3. Kallioinen N, Hill A, Horswill MS, Ward HE, Watson MO. Sources of inaccuracy in
the measurement of adult patients’ resting blood pressure in clinical settings: a
systematic review. J Hypertens. 2017;35:421-41.

4. Unger T, Borghi C, Charchar F, Khan NA, Poulter NR, Prabhakaran D, et al.
International Society of Hypertension Global Hypertension Practice Guidelines.
Hypertension. 2020;75:1334-57.

5. John O, Campbell NRC, Brady TM, Farrell M, Varghese C, Velazquez Berumen A,
et al. The 2020 “WHO Technical Specifications for Automated Non-Invasive Blood
Pressure Measuring Devices With Cuff”. Hypertension. 2021;77:806-12.

6. Sharman JE, Padwal R, Campbell NRC. Global marketing and sale of accurate cuff
blood pressure measurement devices. Circulation. 2020;142:321-3.

7. Sharman JE, O'Brien E, Alpert B, Schutte AE, Delles C, Hecht Olsen M, et al. Lancet
Commission on Hypertension group position statement on the global improve-
ment of accuracy standards for devices that measure blood pressure. J Hyper-
tens. 2020;38:21-9.

8. Stergiou GS, Palatini P, Asmar R, loannidis JP, Kollias A, Lacy P, et al. Recom-
mendations and Practical Guidance for performing and reporting validation
studies according to the Universal Standard for the validation of blood pressure
measuring devices by the Association for the Advancement of Medical Instru-
mentation/European Society of Hypertension/International Organization for
Standardization (AAMI/ESH/ISO). J Hypertens. 2019;37:459-66.

9. Jung MH, Kim GH, Kim JH, Moon KW, Yoo KD, Rho TH, et al. Reliability of home
blood pressure monitoring: in the context of validation and accuracy. Blood Press
Monit. 2015;20:215-20.

10. Akpolat T, Dilek M, Aydogdu T, Adibelli Z, Erdem DG, Erdem E. Home sphyg-
momanometers: validation versus accuracy. Blood Press Monit. 2009;14:26-31.

SPRINGER NATURE

239



D.S. Picone et al.

240

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

. Ringrose JS, Polley G, McLean D, Thompson A, Morales F, Padwal R. An assess-

ment of the accuracy of home blood pressure monitors when used in device
owners. Am J Hypertens. 2017;30:683-9.

. Picone DS, Deshpande RA, Schultz MG, Fonseca R, Campbell NRC, Delles C, et al.

Nonvalidated home blood pressure devices dominate the online marketplace in
Australia: major implications for cardiovascular risk management. Hypertension.
2020;75:1593-9.

. Peterson GM, Jackson SL, Hughes JD, Fitzmaurice KD, Murphy LE. Public per-

ceptions of the role of Australian pharmacists in cardiovascular disease. J Clin
Pharm Ther. 2010;35:671-7.

. Ruzicka M, Akbari A, Bruketa E, Kayibanda JF, Baril C, Hiremath S. How accurate

are home blood pressure devices in use? A cross-sectional study. PLoS ONE.
2016;11:¢0155677.

. Harris PA, Taylor R, Minor BL, Elliott V, Fernandez M, O'Neal L, et al. The REDCap

consortium: building an international community of software platform partners. J
Biomed Inform. 2019;95:103208.

. Sharman JE, Peterson GM, Picone DS, Schutte A, Jackson SL. Blood pressure

devices need proper testing immediately. Aust Pharm. 2020. https://www.
australianpharmacist.com.au/blood-pressure-devices-need-proper-testing-
immediately/.

. Picone DS, Padwal R, Campbell NRC, Boutouyrie P, Brady TM, Olsen MH, et al.

How to check whether a blood pressure monitor has been properly validated for
accuracy. J Clin Hypertens. 2020;22:2167-74.

. Australian Health Practitioner Regulation Agency, Pharmacy Board of Australia.

Pharmacy Board of Australia Registrant data: Pharmacy Board of Australia; 2020.
https://www.ahpra.gov.au/documents/default.aspx?record=WD20%2f30331&dbid=
AP&chksum=PCyjejqQ5c0ucD4t9PwCew%3d%3d.

. Sharman JE, Howes FS, Head GA, McGrath BP, Stowasser M, Schlaich M, et al.

Home blood pressure monitoring: Australian Expert Consensus Statement. J
Hypertens. 2015;33:1721-8.

Campbell NRC, Padwal R, Picone DS, Su H, Sharman JE. The impact of small to
moderate inaccuracies in assessing blood pressure on hypertension prevalence
and control rates. J Clin Hypertens. 2020;22:939-42.

Campbell NRC, Schutte AE, Varghese CV, Ordunez P, Zhang XH, Khan T, et al. Sao
Paulo call to action for the prevention and control of high blood pressure: 2020. J
Clin Hypertens. 2019;21:1744-52.

Erdem DG, Erdem E, Dilek M, Aydogdu T, Selim N, Demiray F, et al. Accuracy of
sphygmomanometers at pharmacies. Kidney Blood Press Res. 2009;32:231-4.
Obara T, Ohkubo T, Tanaka K, Satoh M, Ishikura K, Kobayashi M, et al. Pharmacists’
awareness and attitude toward blood pressure measurement at home and in the
pharmacy in Japan. Clin Exp Hypertens. 2012;34:447-55.

Barrett R, Hodgkinson J. Quality evaluation of community pharmacy blood
pressure (BP) screening services: an English cross-sectional survey with geospatial
analysis. BMJ Open. 2019;9:e032342.

Noda A, Obara T, Takada K, Kishikawa Y, Abe S, Yoshimachi S, et al. Changes in
community pharmacists’ knowledge, attitudes, and practice regarding the
management of hypertension before and after educational interventions. Clin
Exp Hypertens. 2020;42:322-7.

World Health Organization. WHO technical specifications for automated non-invasive
blood pressure measuring devices with cuff. Geneva, Switzerland: World Health
Organization; 2020. https://www.who.int/docs/default-source/searo/indonesia/who-
tech-spec-for-automated-non-invasive-blood-pressure-measuring-devices-with-cuff.
pdf?sfvrsn=b112be47_2.

Sharman JE, Howes F, Head GA, McGrath BP, Stowasser M, Schlaich M, et al. How
to measure home blood pressure: Recommendations for healthcare professionals
and patients. Aust Fam Phys. 2016;45:31-4.

Matowe WC, Abahussain EA, Awad A, Capps PA. Self-monitoring of blood pres-
sure and the role of community pharmacists in Kuwait. Med Princ Pract.
2008;17:27-31.

Campbell NRC, Ordunez P, Giraldo G, Rodriguez Morales YA, Lombardi C, Khan T,
et al. WHO HEARTS: A Global Program to Reduce Cardiovascular Disease Burden:
Experience Implementing in the Americas and Opportunities in Canada. Can J
Cardiol. 2021;37:744-55.

Ragot S, Sosner P, Bouche G, Guillemain J, Herpin D. Appraisal of the knowledge
of hypertensive patients and assessment of the role of the pharmacists in the
management of hypertension: results of a regional survey. J Hum Hypertens.
2005;19:577-84.

SPRINGER NATURE

ACKNOWLEDGEMENTS

DSP is supported by a Postdoctoral Fellowship ([reference 104774]) from the National
Heart Foundation of Australia. This work has been conducted by members of the
Lancet Commission on Hypertension Group, the VALID-BP project and as part of the
Accuracy in Measurement of Blood Pressure (AIM-BP) Collaborative, an initiative
advocating for best measurement practices globally. AIM-BP members and their
affiliations can be found on the World Hypertension League website. The contents of
this paper reflect the opinions of its authors and not necessarily all members of the
Lancet Commission on Hypertension Group and AIM-BP.

AUTHOR CONTRIBUTIONS

DSP, GMP, SLJ and JES conceived and designed the study. All authors played an
important role in interpreting the results. DSP analysed the data and drafted the paper.
All other authors provided critical intellectual feedback for revisions to the paper.

FUNDING
Open Access funding enabled and organized by CAUL and its Member Institutions.

COMPETING INTERESTS

DSP and JES are consultants of HEARTS in the Americas, an initiative of the Pan
American Health Organisation. AES has received speaker honoraria from Omron
Healthcare. NRCC reports personal fees from Resolve to Save Lives (RTSL) and the
World Bank, and is an unpaid consultant on dietary sodium and hypertension control
to numerous governmental and non-governmental organisations. RP is Canadian
representative to the ISO Sphygmomanometer committee and sits on the AAMI
Sphygmomanometer committee and Co-Founder and CEO of a digital health
company (mmHg Inc), based at the University of Alberta. JES is principal investigator
of a National Health and Medical Research Council partnership grant (50026615) that
includes a medical technology company that manufactures a central BP monitor.

ETHICS APPROVAL
The study was approved by the Tasmanian Health and Medical Human Research
Ethics Committee (reference H0023506).

ADDITIONAL INFORMATION

Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/541371-022-00670-4.

Correspondence and requests for materials should be addressed to Dean S. Picone.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons

Y Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/..

© The Author(s) 2022

Journal of Human Hypertension (2023) 37:235 - 240


https://www.australianpharmacist.com.au/blood-pressure-devices-need-proper-testing-immediately/
https://www.australianpharmacist.com.au/blood-pressure-devices-need-proper-testing-immediately/
https://www.australianpharmacist.com.au/blood-pressure-devices-need-proper-testing-immediately/
https://www.ahpra.gov.au/documents/default.aspx?record=WD20%2f30331&dbid=AP&chksum=PCyjejqQ5c0ucD4t9PwCew%3d%3d
https://www.ahpra.gov.au/documents/default.aspx?record=WD20%2f30331&dbid=AP&chksum=PCyjejqQ5c0ucD4t9PwCew%3d%3d
https://www.who.int/docs/default-source/searo/indonesia/who-tech-spec-for-automated-non-invasive-blood-pressure-measuring-devices-with-cuff.pdf?sfvrsn=b112be47_2
https://www.who.int/docs/default-source/searo/indonesia/who-tech-spec-for-automated-non-invasive-blood-pressure-measuring-devices-with-cuff.pdf?sfvrsn=b112be47_2
https://www.who.int/docs/default-source/searo/indonesia/who-tech-spec-for-automated-non-invasive-blood-pressure-measuring-devices-with-cuff.pdf?sfvrsn=b112be47_2
https://doi.org/10.1038/s41371-022-00670-4
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/.
http://creativecommons.org/licenses/by/4.0/.

	Perceptions of pharmacists on the quality of automated blood pressure devices: a national survey
	Introduction
	Methods
	Study overview
	Survey questions
	Statistical analysis

	Results
	Pharmacist demographics
	Attitudes toward BP monitors
	Awareness on identifying accurate BP monitors
	Decisions about BP devices stocked in pharmacies
	Advice to patients buying BP devices
	Measuring BP in community pharmacy

	Discussion
	Conclusions
	Summary table
	References
	Acknowledgements
	Author contributions
	Funding
	Competing interests
	Ethics approval
	ADDITIONAL INFORMATION




