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The VALID BP project was initiated to increase the availability of validated blood pressure measuring devices (BPMDs). The goal is to
eliminate non validated BPMDs and minimise over- and underdiagnosis of hypertension caused by inaccurate readings. This study
was undertaken to assess the potential return on investment in the VALID BP project. The Framework to Assess the Impact of
Translational Health Research was applied to the VALID BP project. This paper focuses on the implementation of the cost benefit
analysis aspect of this framework to monetise past research investment and model future research costs, implementation costs, and
benefits. Analysis was based on reasoned assumptions about potential impacts from availability and use of validated BPMDs
(assuming an end goal of 100% validated BPMDs available in Australia by 2028) and improved skills leading to more accurate BP
measurement. After 5 years, with 20% attribution of benefits, there is a potential $1.14-$1.30 return for every dollar spent if the
proportion of validated BPMDs and staff trained in proper BP measurement technique increased from 20% to 60%. After eight years
(2020-2028) and assuming universal validation and training coverage, the returns would be between $2.70 and $3.20 per dollar
spent (not including cost of side effects of unnecessary medication or downstream patient impacts from unmanaged
hypertension). This modelled economic analysis indicates there will be positive downstream economic benefits if the availability of
validated BPMD:s is increased. The findings support ongoing efforts toward a universal regulatory framework for BPMDs and can be

considered within more detailed future economic analyses.
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INTRODUCTION

High blood pressure (BP), clinically known as hypertension, affects
~1 in 3 adults in Australia and is a major risk factor for
cardiovascular disease [1]. Effective management, including
medication and lifestyle changes, can lower avoidable risk and
prevent disease progression. Accurate and timely detection and
diagnosis is critical in mitigating the long-term health impacts of
hypertension. Effective management, including medication and
lifestyle changes, can lower avoidable risk and prevent severe
disease progression. Conversely, inaccurate BP measurement can
lead to missed or improper diagnoses and management resulting
in unnecessary medication use or avoidable downstream health-
care costs and negative health outcomes [2]. Under Australian
clinical practice guidelines and most international guidelines, the
threshold for hypertension diagnosis is =140 and/or 90 mmHg
assessed based on at least two measurements taken one week
apart [3, 4]. Given the importance of these readings to an accurate
diagnosis and management, including treatment goal, the BP

measuring device (BPMD) being used must provide accurate and
reliable results.

An important step towards ensuring the accuracy and reliability
of BPMDs is a validation study, by which devices are thoroughly
tested using a standardised and acceptable protocol [5, 6]. However,
most BPMDs (up to 85%) on the market are not appropriately
validated in Australia [7-9]. The importance of validation was
confirmed by a study evaluating 870 automated BPMDs. Validated
devices provided readings within 4 mmHg of manual auscultatory
BP 68% of the time, compared to only 15% of the time for non-
validated devices [10]. Thus using non-validated BPMDs can
introduce greater measurement variability, potentially leading to a
missed or improper diagnosis, especially where BP is close to
diagnostic and treatment thresholds [11-13]. Given the lack of a
regulatory framework for the exclusive use of validated BPMDs in
Australia, this gap in accuracy is of particular concern, as only 14.5%
of automated upper arm and wrist cuff BPMDs available for online
purchase have undergone appropriate validation testing [14].
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In 2019, the Lancet Commission on Hypertension Group
outlined a series of recommended actions to increase the global
availability of appropriately validated BPMDs [15]. The Lancet
Group conceived the VALID BP Project to implement these
actions and work towards universal validation of all BPMDs
available for purchase and use [16]. In addition to publishing
articles in high-impact peer-reviewed journals, the VALID BP
project has undertaken translational activities to effect regula-
tory change, such as producing and disseminating policy briefs
and media releases. The VALID BP team have also developed
practical resources, such as an online certification course for BP
measurement, and their educational resources on good BP
measurement technique were promoted through national and
international networks including organisations like the World
Hypertension League [17]. These activities were complemented
by engagement with industry stakeholders to establish their
perspectives on the issue and their role in validating all devices
[18]. Advocacy was also broadly applied to influence regulatory
agencies to prioritise the supply of validated BPMDs, both in
Australia and globally [19-21].

In 2020, the VALID BP project was selected as an exemplar to be
featured in online training materials to build capability in research
impact assessment and the application of the Framework to
Assess the Impact from Translational health research (FAIT) [22].
FAIT is a comprehensive impact assessment framework designed
to be used prospectively to encourage greater translation of
research and reporting on research impact. FAIT uses three
validated methods that collectively produce a comprehensive
multidimensional assessment of the impact of research that
resonates with a wide range of stakeholders. Alongside a
quantitative assessment of impact using metrics grouped under
key domains of benefit, and a narrative account of the project’s
impact (both available in the supplementary materials), FAIT also
includes an economic analysis to estimate the return on
investment (ROI) from the associated research. This economic
analysis enriches the assessment by addressing the questions
usually asked by funders, policymakers, and implementers of
research about: (1) the full economic cost of conducting the
research, (2) the resource commitments to implement the findings
into practice and (3) the expected benefits from these research
investments.

The aims of the study, as reported in this paper, were to:

(1) Undertake a cost-benefit analysis of the VALID BP project to
model returns on investment (both current and future) to
assess the project’s economic impact at varying levels of
projected effectiveness.

(2) Generate evidence to inform whether continued investment
in the research is likely to generate economic benefits that
are socially meaningful.

(3) Create a replicable protocol for this economic analysis that
could be employed in the future for a re-evaluation of the
ROI from VALID BP.

(4) Identify challenges and limitations in the analysis to inform
others looking to undertake similar analyses in the future.

METHODS

Cost-benefit analysis

Several economic evaluation techniques can contribute to calculating
ROI but the one selected for this study was a cost-benefit analysis (CBA).
A CBA is the basis of an encompassing ROl analysis and is suggested as
an appropriate technique for understanding the returns on research
investment using FAIT [22]. It takes a broader societal perspective of the
range of benefits captured and reported, both costs and consequences
are reported in monetary values, and the reportable metric of CBA is a
ratio of benefit per dollar of cost [23]. The single ratio form of reporting
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ROI allows direct comparison with ROI calculated for other programmes
and can also be calculated using simulations or projections; both
reasons for the selection of a CBA over other techniques for this study.
These projections can then be compared to subsequent recalculations
using actual data as the VALID BP programme progresses and delivers
outputs. All monetary values used refer to the Australian dollar unless
otherwise specified.

Inclusions and exclusions. The CBA included:

® The costs of VALID BP’s initial research and ongoing translational
activities

® The costs associated with validating BPMDs and training healthcare
practitioners in proper BP measurement technique

® The benefits of improved diagnostic accuracy for hypertension across
the Australian healthcare system including cost savings from
elimination of unnecessary medication use and prevention of disease
sequalae and averted losses to economic productivity through better
BP measurement and management.

The CBA excluded:

® The costs of replacing nonvalidated BPMDs

®  Consumer price index (CPI) increases (inflation) in future research and
implementation costs

® The potential price differences between validated and non-validated
devices

® The cost of treatment (mainly medications) for previously undiag-
nosed patients

Program Logic Model

To inform the costs and benefits for the CBA, a retrospective program logic
model for the entire VALID BP Project was developed collaboratively by the
project lead (JS) and the independent subject-matter assessors (ZD and
SR). Project documentation and publications were used as references. The
program logic model maps the need for the VALID BP project through to
its anticipated impacts, helping to determine the costs (activities and
outputs) and benefits (achieved and aspirational impacts) for the VALID BP
project (Fig. 1).

Measuring costs

The broad cost categories for the VALID BP project included research-
related labour, research-related non-labour costs to cover a range of
research and translational activities as previously described, and the cost of
implementing a comprehensive BPMD validation programme and training
health providers on the proper use of BPMDs. Research-related costs were
based on historic recollection of actual time expended and other expenses
relating to the VALID BP project till end 2020.

Research costs

Labour: Contributions for all the key VALID BP investigators, collabora-
tors, and students were costed using a micro-costing methodology.
Although activities were global, separating the costs by country was
impossible, so the costs for all researcher time (globally) was included in
the model, even though the benefits being monetised only relate to
Australia. The approximate hours of researcher time (2014-2020) and the
approximate wage level (converted to Australian academic wages for all
positions) was used to determine the value of research labour. All
researcher time for the VALID BP project was covered by the host
institutions in conducting their specific tasks and not by specific grant
income related to the project. Academic wages were costed using the
Australian National University Academic Staff Salary Schedule[24]. Addi-
tional costs of 30% to cover superannuation contributions, payroll tax,
workers compensation, and leave loading [25] and overheads of 27% to
cover the in-kind contribution from the various institutions where team
members were based, were added to the wage costs. These overheads
covered utilities, infrastructure, and research support such as access to
information technology and services provided by academic institutions.
The historical research hours for the VALID BP project were allocated to
systematic reviews, writing of manuscripts, development of the online BP
validation course and other resources, media and communications, project
meetings, training sessions and advocacy activities. Table 1 contains details
of all historical labour costs.
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® Accurate Blood Pressure (BP) measurement is an important clinical test in medicine.

* High BP affects /3 of adults and is a major risk factor for CVD/Stroke

* Proper diagnosis of high BP can help lower avoidable risk, while misdiagnosis can negatively affect health and health outcomes.

* Globally, many BP testing machines are inaccurate and ineffective, leading to either under- or over-diagnosis of BP and
contributing to sub-optimal health outcomes

* Only 14.5% of devices in AUS have been validated

* There are currently large regulatory gaps, including in Australia, that allow these untested devices to enter the market and be used

by consumers.
 BP device users have a false sense of security about the accuracy of these devices and lack awareness and knowledge about the
lack of validation of these d

* Ensure 100% of blood pressure machines used globally are rlgorously tested for accuracy.
* Create and enforce a global lard for thereg Standard to include a mandatory independent validation for devices
* Reduce negative downstream i dbyi te BP di including:

- over-diagnosis leading to unnecessary medication use, stress and stigma &

- under diagnoses leading to avoidable CVD/stroke and avoidable downstream healthcare costs.
* Promote education and awareness of the potential inaccuracy of BP devices amongst key end user groups e.g. consumers
 Create outputs that have translational value e.g. not just a publication.
* Provide career enhancements and build capability in researchers and PhD candidates

e Literature reviews and collaboration to establish data and evidence about the scope and scale of the issue

* Map the state of play including work done by others eg. independent validation of devices and the position in the scientific community

* Build understanding and quantify some of the negative societal impacts of over- and under-diagnosis of hypertension

¢ Approach relevant individuals and organizations under the badge of the Lancet Commission and engage enablers in the project
prospectively to improve opportunities for translation

* Pursue collaboration where there is the least resistance

* Engage industry stakeholders to determine their perspectives on the issue

* Write articles, practical documents and media items targeted towards key end users

* Advocacy to influence policymakers relating to supply of validated devices and professional practice

Key
Outputs

 Publications, publications...

* Short online certification course for measuring blood pressure with an automated device that enables health professionals worldwide,
including in low-resource settings, to improve BP measurement (doctors to non-qualified assistants)

* Within the course there is a segment about the validation of devices

 State of play map

 International webinars & conferences, community events

* YouTube channel with community events uploaded

* Policy briefs and documents on the HEARTS website (through PAHO) National Action Plan for National Heart Foundation

* Entries in World Hypertension League newsletters, worldwide reach

 Practical documents - step-by-step how-to guide for checking if a particular BP device has been validated (translated to many
languages; featured on national/international websites)

Implementers

¢ Regulatory agencies — TGA and Standards Australia

 Universities and Academics

* Guideline creators e.g. ICMJE

* Multi-national organisations

* Governments and policymakers

 Healthcare professional peak bodies e.g. Pharmaceutical Society of Australia
* Medical devices industr

* Consumer organisations: National Stroke Foundation, National Heart Foundation, HBP Research Council of Australia
Beneficiaries

e Public, potential patients

e Government health departments — primary care, tertiary care,

® Private healthcare insurers

e Early career researchers, PhD students, medical undergraduate

* Ongoing work with PAHO on regulatory frameworks being built in The Americas

* Engagement with the Pharmaceutical Society of Australia to affect the supply of dewces and influence professional practice standards

 Actions leading to VALID BP resources incorporated into UTAS medi | curri

* Guidelines proposed to International Committee of Medical Journal Editors

* Educational resources promoted through national and international networks, especially the World Hypertension League

* Involvement as an exemplar project for the FAIT framework to build resources for an ecosystem to improve translation & impact from CV
research in Australia

Pathway to [ PAHO/WHO and World Hypertension Day - BP measurement course with links to VALID BP papers

* National Action Plan for NHF incorporated reference to lobbying and advocacy for improved accuracy of BP devices - plan forwarded to

adopt Health Minister

* An allied team of researchers conducted training in Cuba, where manufacture to validation to sale all undertaken locally

* Collaboration with physician at Institute of Cardiovascular and Medical Sciences at Glasgow. — incorporating how-to paper into their
clinical management process via nurse specialists

* Mailouts of VALID BP materials through the WHL

* Release of the brief online certification course for measuring BP with an automated device

* Tweeting about the online course

* Involvement with the Hypertension Research Council in Aust resulting in the uploading of VALID BP resources on their website

DOMAIN: Advancing knowledge

* Publication reach & usage — papers, policy briefs, how-to-guide,

* Attendance at presentations, webinars, community events

* WHL newsletter reach

* Media & Social media reach

* Online certification course registrations/completions

* Increased awareness of inaccurate BP machines

DOMAIN: Capacity/capability building

* Health professionals with improved BP measurement skills

* Health professionals with the ability to select validated devices

* Health professionals in Cuba aware of BP validations

* Medical graduates from UTAS aware of BP machine validation issue

DOMAIN: Policy impact

* Global standard for BP machine regulation

* Improved regulatory frameworks in The Americas/Australia etc. for BP machine validation

* National Action Plan for National Heart Foundation to ensure BP machines are validated and accurate
DOMAIN: Practice impact

* More validated devices in use

* Improved accuracy of non-invasive BP measurement in health and home settings

* More accurate diagnoses and management as a result of accurate results

DOMAIN: Community/Patient impact

* More community members selecting validated devices

* Better management of hypertension leading to better health outcomes e.g. avoidance of CVD

* Reduction in the use of unnecessary medications

DOMAIN: Economic impact

* Reduced downstream health costs from over-diagnosis and unnecessary management of hypertension including reduced use of BP lowering medications
 Patient savings from unnecessary use of statins

* Reduced downstream healthcare costs from CVD as a result of under-diagnosis of hypertension

Impacts

Fig. 1 Retrospective Program Logic Model for the VALID BP Project.

Labour assumptions: most of the historical research costs were expended between 2018
and 2020 (3-year period) it is assumed that the equivalent of an

1. Considering this work is ongoing, it is assumed that future research additional $141,052 per year in labour costs would have to be
costs will be required to realise the benefits of VALID BP. Given that invested to maintain the momentum from this work and allow time

Journal of Human Hypertension (2024) 38:177-186 SPRINGER NATURE
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for the realisation of 100% validation of BPMDs in Australia by 2028.

2. ltis also assumed that it will take 8 more years to achieve universal
validation in Australia. For each additional year, the research costs
are expected to increase proportionally based on the consumer
price index (CPI), but for the purposes of this preliminary model,
these increases have been excluded.

Non-labour: Two grants totalling $48,680.62 were awarded to the VALID
BP project between 2018 and 2020 and these were used to cover non-
labour expenses, including travel costs (valued at $19,420), incidentals, and
publishing costs.

These costs do not account for the VALID BP project work after 2020 so
projections to 2028 have added an additional $48,680 per year (inflated for
the purposes of remaining conservative) in non-labour costs to achieve the
goal of 100% validation. This brings the project research costs up to
$189,733 per year for 8 years.

Implementation costs

BPMD validation: The costs of the scientifically recommended method
for validating BPMDs involve a strict research protocol which include a
sample of 85 people and a cross-section of patients with different arm
sizes, BPs, and gender balance [5]. The estimated cost for this method of
validation was obtained from a US study published in the Journal of
Clinical Hypertension [26]. The highest estimated costs were used,
converted into Australian dollars and adjusted to 2022 values using the
GDP deflator taken from the Australian National Accounts [27]. The total
cost of a validation study was estimated at $59,340 per device model.
Some manufacturers have already validated their main devices, so the
burden on individual manufacturers will not be evenly spread, with some
manufacturers being affected more significantly than others. Due to a lack
of publicly available data on industry costs, sales, and profits of BPMDs and
for the purposes of this protocol, it was assumed that the total costs to the
industry for the change to full validation are included in the estimated
validation cost per model. An additional 10% was added to cover any
potential regulatory costs applied by the Therapeutics Goods Administra-
tion (TGA) for checking and approving device validation.

Regulatory change: A key translation pathway to enact effective change
in the use of clinically validated BPMDs is through regulation and legislation.
This would involve making BPMD validation part of the regulatory and legal
requirement for registration of such devices for sale in Australia. It was
unfeasible to micro-cost this activity, so existing data was used to estimate
the potential cost, recognising that the journey to regulatory and legislative
change is unique in every instance and unlikely to be identical in cost. A
Health Research Council of New Zealand study on the cost to governments
of enacting public health legislation (and deemed to be “generally applicable
to other developed countries”) found that the average cost of a new
regulation in New Zealand from the proposal stage through every step in the
legislature (converted to Australian dollars at 2022 values) is $526 816 (95%
Ul: 386,602 to 1,163,500) [28] For this analysis, we have assumed that the cost
in Australia is similar given the two countries have very similar constitutional
and governance systems. Due to a lack of data and potential variability, we
have assumed that the cost of lobbying for legislation is covered under the
ongoing research costs we have projected to 2028. This legislation cost was
only accounted for once in the modelled projections, in 2025, when it is
feasible that advocacy efforts may have created sufficient traction for this
new legislation to be enacted. This would allow a further 3 years to achieve
100% validation of BPMDs in Australia and phase out nonvalidated BPMDs
already in circulation.

Regulatory infrastructure: The Australian TGA operates through a cost
recovery framework associated with the registration and listing of medicines
and medical devices. The TGA currently lists all BPMDs irrespective of
whether they are validated or not. This framework generates the bulk of the
agency's funding through fees and charges paid by the manufacturers of
products that are requesting approval[29]. The assumption was made that
any increases in costs to the TGA or the Australian government associated
with a requirement to approve only clinically validated BPMDs, would be
passed on to the manufacturer and already included in the addition to
validation costs for these manufacturers.

Costs to consumers: It is likely that BPMD manufacturers will pass on
the costs of BPMD validation to Australian users, with these costs being
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borne by practices and consumers. However, these costs remain in the
initial validation cost per model plus 10% estimate for industry and given
the societal perspective, are not included again to avoid double-counting.
In Australia, BPMDs (upper arm or wrist cuff devices) vary in price from
$53.00 to over $630.00, with the more expensive devices generally
targeted at the clinical facilities rather than personal use. Unfortunately,
there is no data on the number of these devices currently on the market
and potential phasing-out pathway for nonvalidated devices (compulsory
versus optional and subsidised versus un-subsidised). Without this data,
the costs of replacing all nonvalidated BPMDs cannot be accurately
projected and were therefore omitted from the current analysis.

Training costs: To maximise the benefit from BPMD validation in
Australia, healthcare team members need to be educated and upskilled on
proper BP measurement technique. The online certified training course
developed as part of the VALID BP project activities [17] takes roughly an
hour to complete (including the test) and certification can be updated
every six months. We have used the Australian average weekly earnings of
$1713.90 per week or $55.70 per hour, including 30% additional costs and
allocated two hours to complete the certification yearly. Around 565,753
health practitioners (excluding dental practitioners) were registered with
the Australian Health Practitioner Regulation Agency in 2018. From 2013 to
2018, there was a 16.3% increase in the number of health practitioners,
which equates to an average increase of 3.26% per year. We applied these
labour costs to an estimate of the cohort requiring training in each
subsequent year.

Scenario analysis: To estimate the downstream benefits of improved
accuracy from BPMDs, we modelled and projected costs and benefits
based on currently available and comparable data sources. Three different
impact scenarios were tested, based on a projected trajectory for the
VALID BP project from 2020 to 2028. These scenarios are all aspirational
and based on estimates.

@ Scenario A: A modest increase in the percentage of validated BPMDs
caused by modest impact with policymakers, physicians, pharmacists, and
consumers. Increase in the rate of validated BPMDs from 14.5% to 20%
by 2021.

@Scenario B: Validation of all BPMDs carried by major Australian
pharmacy chains due to work with the Pharmacy Guild. Validation of 60%
of all BPMDs by 2025 when it is assumed that a new regulation requiring
universal validation of all BPMDs on the Australian market would come
into play.

@®Scenario C: Validation of 100% of devices in Australia by 2028
including replacement of all non-validated devices currently in use.

Together, these scenarios create a form of sensitivity analysis that
provides a projected minimal impact, a projected mid-point, and a
maximum possible impact occurring at 100% validation, given the
likelihood that there will still be nonvalidated devices in use despite the
best efforts by government and industry to phase them out. It is also
important to note that any changes to the accuracy of BPMDs will not rest
solely with this project and that only a proportion of the benefits can be
attributed to the VALID BP project.

Modelling benefits

Changes to hypertension prevalence based on testing. From interviews
with healthcare providers in Australia and official Australian population
data [30] we derived an informed estimate of how many people over the
age of 18 present for a GP consult and have a BP test every year. At
baseling, this is ~18.5 million. We used a decision tree model to vary the
number of people who would be under- and over-diagnosed at the
different levels of device validation, and the estimated societal benefit
from improving validation rates based on a reduction in unnecessary
medication use and savings from avoided downstream health care costs
and reduced productivity.

Currently, only 14.5% of clinically relevant upper arm and wrist cuff
BPMDs are validated out of a total of 312-446 models sold in Australia.
Based on the results of Akpolat et al., we also assumed that only 15% of
non-validated BP devices provide sufficiently accurate measurements
compared with more rigorously validated devices [10].

Assumptions underpinning the benefit analysis:

® If models are not within 4mmHg, then they are under or
overestimating BP by at least 5 mmHg [5, 6].

@ In Australia, 85% of all nonvalidated models and 32% of all validated
models are measuring blood pressure with an error of 5 mmHg or greater [14].
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Table 2.

Consolidated research and implementation costs with projections till 2028.

Baseline Scenario A (20%) Scenario B (60%) Scenario C (100%)
Device validation 2021 2025 2028
Number of wearable models in Australia 446 446 446 446
% Validated (actual and aspirational) 14.3% 20.0% 60.0% 100.0%
Number of models requiring validation 0 89 268 446
Number already validated 64 64 89 268
Number of models not yet validated 382 25 179 178
Cost to validate each model $ 59,340
Plus TGA assumed cost of 10% of validation cost S 65,274
Cost to achieve 100%, 60% and 20% validation $ 1,644,905 $ 1,657,936 $ 1,618,772
BP certification cost of training
Australian average weekly earning $ 1,713.90
Wage per hour $ 42.85
Wage per hour plus on cost $ 55.70
Wage for one hour per year $111.40
No of practitioners in 2018 $ 65,753
No of practitioners 2021 with 20% trained $ 124,216 $ 13,838,178
No. practitioners in 2025 with 60% trained $ 383,716 $ 28,909,162
Practitioners in 2028 (100% trained) $ 693,726 $ 34,536,201
Average cost of a new regulation from proposal stage $ 526,816
through every step in the legislature before it is implemented
(once only)
Total Implementation costs $ 1,893,950 $ 15,483,083 $ 40,567,099 $ 6,154,973
Research labour and non-labour costs $ 471,836 $ 661,570 $ 1,420,500 $ 1,989,699
Total research and implementation costs to achieve each $ 2,365,787 $ 16,144,653 $ 41,987,599 $ 48,144,671
scenario (n = 446)
Total research and implementation costs to achieve each $ 2,365,787 $ 15,269,981 $ 39,363,584 $ 43,771,313
scenario (n =379)
Total research and implementation costs to achieve each $ 2,365,787 $14,395,310 $ 36,739,569 $39,397,955

scenario (n=312)

@ Based on available data, the rate of overestimation (56%) is slightly higher
than the rate of underestimation (44%)[31].

@ All 440 models have an equal market share

@ That the proportion of validated and non-validated devices currently in
use is the same in both home and clinical settings

@ That BPMD devices used in both home and clinical settings have an equal
contribution to the overall burden of misdiagnosis

@ The total number of models will remain constant with no new models
entering the market between 2020 and 2028.

Supplementary file 1 details how the number of Australians being over and
under-diagnosed were calculated based on the projected proportion of
validated devices.

Medication costs due to overdiagnosis: In Australia, the annual cost
of a common daily anti-hypertensive medication, Lisinopril, is listed as a
subsidised medication on the Pharmaceutical Benefits Scheme[32]. The
cost to consumers of the lowest dose (5 mg) assumed to be the most likely
dose for someone who has normal BP (<140/90 mmHg) and is over
diagnosed by up to 5 is $20.15 per pack of 30 tablets. The cost to the
Government for subsidising the medication is $14.44 per pack of 30 tablets
which is $175.69 per year and the cost to the patient for 365 tablets is
$245.16 per year totalling $420.85 per year to both the Australian
government and patients. Based on population health survey data, the
assumption is that only 35% of patients diagnosed with hypertension take
daily anti-hypertensive medication[33]. The assumption is also made that
once commenced, patients would take these medications for life.

Health system savings by reducing missed diagnoses (underdiagnosis). In
2009, it was estimated that hypertension and its consequences generated
direct costs to the Australian health care system (medications, hospitalisa-
tions, emergency care etc.) of $1.8 billion over the life cycle of a given
cohort, which translates to $2.27 billion in 2020 dollars (adjusted for
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inflation) [1]. To reduce ambiguity in the concept of a “life cycle cohort”
that is found in the data, a simplified assumption was made that a cohort
spanned 64 years (from 18 to 82— average life expectancy of an
Australian). This means that with a highly conservative estimate,
hypertension and related consequences in Australia costs the health
system approximately $35,468,750 per year [34].

A Mexican study estimated that 37% of the healthcare cost of
hypertension is spent in direct treatment and 63% on treatment of
complications and sequalae such as myocardial infarctions and stroke
[35]. When applied to our example, $22.3 million of the costs per year
can be attributed to downstream costs from untreated hypertension, as
a highly conservative estimate. We know from a life table monitoring
study that in Australia, 61.4% of people with hypertension are left
untreated [36]. Data from the AIHW confirms that 5.9 million Australians
have hypertension[1]. Of these, 3.7 million (61.4%) are untreated costing
the health system an average of $6.08 per person in downstream costs.
This is the figure we have used to calculate the downstream healthcare
costs for the cohort with undiagnosed hypertension for whom treatment
is delayed.

Productivity costs due to hypertension. Over the working lifetime of a
given Australian population cohort (ages 20-69), hypertension causes an
estimated loss in economic productivity of $137.2 billion by reducing
people’s capacity for work, while optimal treatment of all patients would
save $76.4 billion over the working lifetime of the cohort [36]. These
estimates were generated in 2009, so the savings adjusted to 2022 dollars
would equal $96.15 billion over the working lifetime of the cohort. Given
the working lifetime is for ~49 years from age 20-69, that equates to a
saving of $1.96 billion annually. The potential lost productivity from
underdiagnosis of hypertension equates to $556 million gross domestic
product (GDP) or $736 per person per year. A key assumption is that of
those who receive an accurate diagnosis and are identified as being

Journal of Human Hypertension (2024) 38:177 - 186



Z. Desson et al.

Scenario B
60%
2025

Table 3. Consolidated costs and benefits with projections till 2028, assuming up to 100% validation.
Scenario A

% BPMDs validated and practitioners trained 20%

Year 2021

Total research costs $ 661,570

$13,733,740-$15,483,083
$ 14,395,310-5$16,144,653

Total implementation costs

Total research & implementation costs

Medication saving in total $ 16,875,493
Healthcare savings in total $ 163,748
Productivity saving in total $ 6,936,273
Total benefits (100% attribution) $ 23,975,513

$ 1,420,500

$ 35,319,069-$40,567,099
$ 36,739,569-$41,987,599
$ 190,232,823

$ 1,845,898

$ 78,190,706

$ 270,269,427

Scenario C

100%

2028

$ 1,989,699
$37,408,257-$46,154,973
$ 39,397,955-$48,144,671
$ 541,549,886

$ 5,254,875

$ 222,591,275

$ 769,396,037

Table 4. Cost-benefit ratios for the three scenarios, incorporating a sensitivity analysis.

Scenario A
% BPMDs validated and practitioners trained 20%
Projected Year 2021
Cost $1.00
Benefit (75%) Max $ 0.98-$1.10
Benefit (50%) Average $ 0.66-50.74
Benefit (20%) Min $ 0.26-50.29

Scenario B
60%

2025

$ 1.00

$ 4.27-54.88
$ 2.85-53.25
$1.14-$1.30

Scenario C
100%

2028

$ 1.00
$10.12-$12.36
$ 6.74-58.24

$ 2.70-53.30

hypertensive, only 35% are adequately treated and controlled. This
reduces the potential savings by 65%.

RESULTS

The results from the modelled CBA are presented in tabular form.
Table 2 presents the consolidated costs for the VALID BP project,
considering the three scenarios. As evident, the research costs are
negligible when compared to the implementation costs which
increase exponentially as more devices are validated and more
health providers are trained, peaking at between $39.4 and $48.1
million to achieve 100% validation of new devices sold, 68%
accuracy of readings, and 100% competency in proper BP
measurement technique by health providers.

Table 3 presents the detailed benefits, also considering the
three scenarios and including a sensitivity analysis to account for
various levels of attribution (20%, 50%, 75%). The greatest benefit
is in savings from unnecessary medication, followed by produc-
tivity savings. Given the likelihood that device validation is one of
many strategies and cannot guarantee accuracy of devices nor
that patients accurately diagnosed will receive appropriate care,
the defensible position would be to assume a 20% attribution of
benefits to the VALID BP project.

Table 4 presents the cost-benefit ratios for each of the three
scenarios further segmented by the three levels of attribution. At a
conservative attribution of 20% to VALID BP, the project can
expect a $1.14-$1.30 return for every dollar spent with 60%
validation achieved in 2025 and between $2.70 and $3.20 worth of
benefit with 100% validation achieved in 2028.

DISCUSSION

The VALID BP Project is a translational research project that grew
organically through a mutual interest in ensuring the accuracy of
BPMDs. BP measurement has an important role to play in avoiding
over and under-diagnosis and mismanagement of hypertension.
Using well-documented assumptions and projections of the
potential costs and benefits of both device validation and
better-trained users of BP devices (over an 8-year period to
2028), the analysis in this study suggests a potential return on
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investment in VALID BPs research, education, policy change and
industry engagement activities of around 30 cents for every dollar
invested after 2 years, rising to $1.14-$1.30 after 5 years and
$2.70-$3.20 after 8 years if all identified hypertension is correctly
managed.

This study applies a research translation and economic impact
lens to a project with potential for broad societal impacts with
corresponding economic benefits if implemented comprehen-
sively. The analysis gives decision makers, in both grant and
healthcare funding, information on the likely consequences of
supporting this line of research and implementation. It also
provides researchers with information about the potential returns
for ongoing investment in translation and implementation
activities. In turn this informs investment considerations to shift
levers such as legislation and training programmes. Since FAIT is
designed to present research impact in a way that is accessible to
all stakeholders, including legislators and the general public,
translating costs and benefits into a comparable ratio across
research projects is valuable. This “societal” perspective for
conducting CBA is particularly important for evaluating health-
related research as the end products of this work can influence
not only the way healthcare is delivered but downstream impacts
such as productivity gains through having a healthier community
and workforce.

While health and research funding decisions should not be
made exclusively based on the results of an economic analysis,
measures of economic impact are becoming more important in
decision-making processes and therefore, it is critical that the
economic methodology for assessing projects with broad societal
impact be improved[37]. To this end, improving available data for
economic evaluations is one of the key challenges to be
overcome. Research leaders that anticipate broad societal impact
from their research should consult with health economists upfront
and incorporate a plan to capture the data and evidence of
attribution required for appropriate economic evaluation of their
research. This plan should also include consideration for a
counterfactual scenario, which can strengthen the attribution of
impacts to the research.

Planning a research project with the pathway to impact in mind
can also help to clarify what future translation activity is required.
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Using the example of the VALID BP project, if analysis could
reliably estimate how many Australians would need to replace
their nonvalidated devices with validated models, and at what
cost, policymakers would be better equipped to design evidence-
based responses such as buy-back or rebate programmes. This
planning process can also help to determine important avenues
for concurrent research, such as determining the real-world effects
of training and certification on actual blood pressure measure-
ment practices, both in the clinical and non-clinical setting.

A key recommendation of this study is the potential expansion
of the training and certification component of VALID BP to cover
consumers, particularly those monitoring their own blood
pressure at home as part of their ongoing management. An
accessible consumer training resource would help improve overall
BP measurement accuracy.

Limitations

Although the science around valuing the returns on research
investment is constantly evolving, the evaluation of the potential
returns on the conduct and implementation of outcomes from
health and medical research is still fraught with challenges.
Various theoretical debates continue to surround even well-
established methodologies such as health technology assessment,
which is generally conducted for specific products using accepted
principles and can often rely on sound clinical data but which is
often expensive to collect [38].

Economic analysis for a project like VALID BP, which involves
not only medical products but also knowledge building, advocacy,
and capacity building, adds further methodological complexity.
This includes questions about how to meaningfully monetise
benefits like capacity and capability building, and how to
accurately attribute outcomes and benefits to the research and
translational activities when there are many other initiatives at
various levels targeting the same outcomes and chasing the same
downstream benefits.

In keeping with good practice, our cost-benefit analysis has
outlined its assumptions in an explicit, up-front manner. However,
the complex and exploratory nature of this work demands an
additional statement on the broader limitations of this study.
Primarily, the largest limitation of the modelling is the lack of
available data regarding important considerations like the market
share and usage patterns of the 312-446 BPMD models available
for purchase in Australia. This includes the lack of data on possible
differences in the level of BPMD validation between devices used
for home monitoring compared with those used in clinical settings
or the number of each model in use in the different settings. This
lack of data required some strong assumptions, such as the
assumption that the proportion of validated and non-validated
devices currently in use is the same in both home and clinical
settings, and that devices used in both settings have an equal
contribution to the overall burden of misdiagnosis. This may not
be the case, but given the lack of more granular data, there is no
way of knowing. Similarly, the evidence for the impact of
validation on accuracy is somewhat weak, with only one detailed
study examining this phenomenon. Together, this means the
magnitude of (adverse) effect on misdiagnosis cannot be exactly
quantified. To account for this, we followed a detailed process for
selecting assumptions for the values used in the model:

1. All our assumptions are based on the best available data we
were able to source from the literature, at the time.

2. We worked closely with the international VALID BP team who
are recognised experts in all aspects of BP measurement and
validation and co-authors on the paper.

3. We also worked with leading cardiologists in Australia who
have helped “ground-truth” the assumptions for the Australian
context and are also co-authors on the paper.

4. Where variables in the model were uncertain, we managed
the uncertainty using sensitivity analyses which creates a range of
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values with the understanding that the true value lies somewhere
between the upper and lower limit.

Some of this missing data could feasibly be collected over time
and then applied retroactively to this same analysis to improve
accuracy, but aspects like the effectiveness of advocacy will always
be difficult to estimate. The current analysis is bound by these
limitations, and although the model used is only intended to offer
possible projections of costs and benefits, it is critical to consider
its outputs as fundamentally imperfect. Tools like the CHEERS
checklist are valuable to ensure optimal methodological quality
and have been applied to this study [39] but require refinement to
better account for the complexities of translational health
research. This could include, for example, further guidance on
how to recognise and measure serendipitous research outcomes.

Until the existing issues can be resolved, economic analysis should
only form one part of the research impact assessment process. For
projects like VALID BP where an economic protocol with assumption-
based modelling is currently possible, models like FAIT that also
incorporate impact metrics and qualitative narratives of the pathway
to impact can serve to bridge gaps in reliability and present decision-
makers with a well-rounded understanding of the project’s societal
impact while actively integrating the increasingly necessary
economic component. FAIT was applied to VALID BP, using seed
funding provided by the New South Wales Office of Health and
Medical Research, and has been presented as an exemplar for
resources created to support the application of FAIT to cardiovascular
research projects. The complete FAIT application to VALID BP can be
viewed at https://hmrihre.thinkific.com/ under Stream 3: Implemen-
tation Research and provides a comprehensive record of the impacts
of VALID BP. A summary of the results from the other two FAIT
methods appear in Supplementary file 2 [20].

CONCLUSIONS

Overall, the cost-benefit analysis conducted in this study offers
valuable insight into the potential societal impact of VALID BP
project activities, especially when integrated into the broader
Framework to Assess the Impact from Translational health
research. The results suggest that the project’'s work towards
increasing the number of properly calibrated and validated blood
pressure devices is an economically sound investment for
improving hypertension diagnosis and management, including
reducing overdiagnosis and underdiagnosis of hypertension and
improving cardiovascular disease management in this population.
This study also offers a methodological protocol for the economic
evaluation of translational research activities that highlight the
current challenges for the discipline and possible improvements
to research design that can help to overcome them.

SUMMARY
What is known about this topic

® Most (85%) of blood pressure measuring devices (BPMDs)
available for online purchase in Australia have not been
appropriately validated.

® lack of validation contributes to potentially inaccurate BP
readings, leading to both over and under diagnosis of
hypertension specifically when BP is close to the threshold.

What this study adds

® An understanding of the cost of BPMD validation and policy
change in the Australian context.

® An understanding of the cost of training users of BPMDs on
proper technique and interpretation of results.
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A modelled cost-benefit analysis of the impact of validation of
all upper arm and wrist cuff BPMDs on the Australian market
and training of health providers on proper technique based
on the assumption that 100% validation and 100% trained
users are achieved over an 8-year period.

A model based on assumptions, to enable the future conduct
of a more detailed cost-benefit analysis using actual data.
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