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Abstract
The last decade has witnessed the healthcare system going paperless with increased use of electronic healthcare records.
Artificial intelligence tools including smartphones and smart watches have changed the landscape of day-to-day lives.
Digitisation, decentralisation of healthcare and empowerment of allied healthcare providers and patients themselves have
made shared clinical decision-making a reality. The year 2020 quickly turned into an unprecedented time in our lives with
the entry of COVID-19. Amidst a pandemic, healthcare systems rapidly adapted and transformed, and changes that
otherwise would have taken a decade, took a mere few weeks (Webster, Lancet 395:1180–1, 2020). This essay reviews
evidence of transformation in the realm of hypertension management, namely diagnosis, lifestyle changes, therapeutics and
prevention of hypertension at both individual and population levels, and presents an extrapolation of how this transformation
might shape the next decade.

Introduction

The last decade has witnessed the healthcare system going
paperless with increased use of electronic healthcare
records. Artificial intelligence tools including smartphones
and smart watches have changed the landscape of day-to-
day lives. Digitisation, decentralisation of healthcare and
empowerment of allied healthcare providers and patients
themselves have made shared clinical decision-making a
reality. The year 2020 quickly turned into an unprece-
dented time in our lives with the entry of COVID-19.
Amidst a pandemic, healthcare systems rapidly adapted
and transformed, and changes that otherwise would have
taken a decade, took a mere few weeks [1]. This essay won
the first place in the British and Irish Hypertension Society
Stanley Peart Essay competition (Fig. 1). The essay itself
reviews evidence of transformation in the realm of
hypertension management, namely diagnosis, lifestyle
changes, therapeutics and prevention of hypertension at
both individual and population levels, and presents an
extrapolation of how this transformation might shape the
next decade. It is our onus to ensure that adaptations made

to healthcare delivery as a result of the pandemic remain
beneficial to patients and continue to promote best
practice.

Burden of hypertension

Raised blood pressure (BP) is the leading global risk factor
for cardiovascular mortality and morbidity. However, even
in 2020, it is not uncommon to encounter patients who have
never had a single BP measurement until the presentation of
a disabling stroke. Unknown, untreated and inadequately
treated hypertension make it a silent killer disease. As per
American Heart Association policy predictions, ≈41.4% of
US adults will develop hypertension by 2030 [2]. Currently,
less than one in five individuals with hypertension are at
target. One of the WHO global targets is to reduce the
prevalence of hypertension by 25% by 2025 from the year
2010 [3]. A paper in Lancet [4] claimed that this would be
unachievable in low-income countries, for instance in south
Asia and sub-Saharan Africa, due to opposite trends. This
calls for urgent action.

Current versus novel pharmacotherapies

In principle, the management of hypertension has not
changed in the last two decades, broadly involving phar-
macotherapy and lifestyle modification. The first anti-
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hypertensive medication to be trialled was pentaquine, in
1946. Diuretics and beta-blockers revolutionised hyperten-
sion management in the 1960s, and the 1990s saw the
emergence of calcium channel blockers, angiotensin con-
verting enzyme inhibitors (ACEi) and angiotensin receptor
blockers (ARB), the current first-line therapies. These anti-
hypertensive medications reduce the risk of myocardial
infarction by 20–25%, stroke by 30–40% and heart failure
by 50% [5]. Medications based on various converging
pathways such as direct renin inhibitors, nitric oxide inhi-
bitors, endothelin antagonists and imidazoline inhibitors
were trialled, however, none surpassed the current first-line
therapies in efficacy and safety. The strength of current anti-
hypertensive medications is their reliability and afford-
ability. However, they do not reverse the pathophysiologi-
cal complications of hypertension and hence therapy
remains lifelong. It is also difficult to predict which drug
will be most effective on an individual level. This has dri-
ven an exhaustive search for personalised and novel treat-
ment strategies.

Hypertension has emerged as a major risk factor of
mortality with COVID-19 disease. Use of angiotensin sys-
tem inhibitors (ASI) for hypertension in COVID-19 patients
created a theoretical controversy early on in the pandemic.
The angiotensin converting enzyme 2 (ACE2) enzyme acts
as a receptor for the coronavirus in the epithelial cells on the
lung and ACE2 levels are increased by ASIs. Hence, it was
hypothesised that ASIs may predispose to increased sus-
ceptibility to COVID-19 infection and thereby increase
morbidity [6]. Large observational cohort studies in
COVID-19 have now shown that ACEi/ARBs do not raise
the risk of mortality in hypertensive patients and there is a
possibility of a beneficial role. National and international
guidelines suggest to continue ASIs for hypertension at this
point in time.

Under the umbrella of resistant hypertension, manage-
ment of hyperaldosteronism has seen advances in diag-
nosis, with better understanding of adrenal venous
sampling and emergence of newer imaging techniques such
as metomidate-labelled positron emission tomography [7].

Fig. 1 BIHS Stanley Peart
essay award. Dr. Spoorthy
Kulkarni: Winner of BIHS
Stanley Peart Essay 2020.
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Surgery is the treatment of choice in unilateral hyper-
aldosteronism. Device therapies such as renal denervation
and baroreceptor modulation have not proven to be effec-
tive in mitigation of hypertension in randomised control
trials (RCTs), however, future RCTs might benefit from
stratification of patients, accessibility, and improved parti-
cipation in trials. There are currently 7944 trials focussed
on hypertension registered on ClinicalTrials.gov, as of 22
May 2020. This is possibly going to grow further with
increased application of newer technologies including
genomics, nutrigenomics, nanotechnology and chrono-
therapeutics.

Genomics of hypertension

Identification of genetic targets of the renin–angiotensin
system in rat models was published almost 19 years ago [8].
Forty per cent of FDA-approved drugs in 2018 have the
potential for personalised therapy based on genomics. The
explosion of data and plummeting costs of gene sequencing
has led to an enormous knowledge base of monogenic and
polygenic factors that determine BP regulation and varia-
bility in drug responses. Over 500 single nucleotide poly-
morphisms associated with BP are now recognised.
Genomics has the potential for stratified and personalised
therapies. The AIM HY-INFORM trial is one such trial
designed to personalise treatment based on self-defined
ethnicity [9], using first-line therapies.

Gene therapy—small interfering RNA
(siRNA)

Gene therapy refers to gene silencing of receptors, which
regulate an outcome. Advances in biomedical and bio-
physics sectors have enabled major surges in the devel-
opment of gene therapies. Indeed, 2018 saw the first
approval of siRNA, patisiran (ONPATTRO), an siRNA
encapsulated in lipid nano particle, by the FDA [10].
Inclisiran (siRNA-targeted therapy) is currently under
investigation for hypercholesterolaemia in a large phase 3
trial after success in a phase 2 trial [11]. A recent study
showed efficacy of siRNA targeting angiotensinogen
in spontaneously hypertensive rats, comparable to ACEi
and ARB [12]. Both AT1147siRNA [13] and siTRPC3
[14] silence AT1a, interfering RNA targeting subtype
of angiotensin receptor and calcium permeable transient
receptor potential channel, respectively, have the
potential to develop into treatment options for hyperten-
sion. Indeed, some of the initial issues in target selectivity
and stable expression of gene therapy seem to find
resolutions.

Chrono-therapeutics and e-trials

It has been established that night-time hypertension
increases cardiovascular risk. The recently published Hygia
study showed that routine night-time dosing of medications
improved night BP and reduced cardiovascular death
(hazard ratio: 0.44 (0.34–0.56)) [15]. TIME is another trial
studying chrono-therapeutics. The novelty of this study
includes an electronic case report form and record linkage to
identify potential endpoints [16]. Planned and future trials
are likely to incorporate this design in the current pandemic
and post-pandemic era, for the benefits of cost reduction and
participant-friendly aspects.

Another major leap in the pharmaceutical industry is the
use of three-dimension (3D) printing technology. Spritam
(levetiracetam) was the first FDA-approved medication that
was built via 3D printing in 2015. The advantages of this
technology are the possibility of tailored treatment, incor-
porating complex drug release profiles [17]. The fusion of
nanomedicines, chrono-therapeutics and 3D printing may
revolutionise treatment in a few decades. This could enable
drug release at the point of rise in BP in a predictable
manner, leading to precise, point of care, individualised BP
management.

Hypertension prevention

It is indisputable that lifestyle changes play an important
role in hypertension prevention and management. A meta-
analysis showed that mean weight reduction of −5.1 kg was
achieved by means of energy restriction, and with or
without increased physical activity, reduction in systolic BP
by −4.4 mmHg and diastolic BP by −3.6 mmHg was
noted [18]. Plant-based diets have shown to also reduce BP
significantly, in various cohort studies [19, 20]. The benefits
of these diets maybe postulated to be due to effective
modulation of gut microbiota, thereby reducing adverse
metabolic patterns [21]. This aim is shared by other research
modalities such as faecal transplant [22]. Yoga and mind-
fulness training have also proven to have modest effects on
BP in small studies [23, 24]. A package of multi-component
intervention based on promoting increased exercise levels,
DASH diet, reducing salt intake and weight loss reduced
hypertension prevalence by an odds ratio of 0.77(95% CI:
0.62–0.97) in comparison to advice alone [25]. Health
interventions using mobile technology, that is mobile
health, are increasingly used to provide patients and
healthcare providers tools to deliver lifestyle interventions.
In a small study, mobile-based self-management support
system significantly reduced systolic (−7 mmHg) and dia-
stolic (−4.9) BP over 8 weeks [26]. In addition, it also
improved adherence to medications. Digital applications
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targeting stress, anxiety, exercise, counselling, yoga and
mindfulness are widely accessible. A recent phase 2 trial
(REACH study) showed the effectiveness of “e” counsel-
ling in reducing cardiovascular risk [27].

Adherence

Recognising psychological complexities of behaviour
modification and medication taking, and their impact on
outcomes of hypertension management, both clinically
and in trials, has led adherence testing evolve from the
humble pill count to use of sophisticated biomarkers such
as urine- or plasma-based biochemical adherence screens
[28]. Medications with inbuilt ingestible sensor to detect
adherence may become a commonality in the near future
[29] (Proteus Digital Health, Inc., Redwood City,
CA, USA).

Diagnosis of hypertension

Appropriate management of hypertension is dependent on
accurate BP measurement. The last decade ushered in
ambulatory and home BP monitors and these measurements
are widely used for diagnosis and assessing treatment
responses. The mercury sphygmomanometer is now almost
obsolete; however, it is highly unlikely that the sphygmo-
manometer cuff is going to be. Nevertheless, there are
promising developments of newer non-invasive and “cuff-
less” monitoring devices [30]. COVID-19 fast-tracked
growth in areas of healthcare delivery, mainly telemedicine.
Changes, such as use of video chats to communicate
with patients, and reliance on home BP monitoring, are
already integrated into standard of care. By 2030, reliable,
accurate, validated and user-friendly wearable devices such
as smart watches and skin patches, seamlessly providing
ambulatory BP data to healthcare providers, might turn into
reality.

Hypertension management: population-
level strategies

Crucial healthcare policy changes in education, awareness
and diagnosis of the burden of hypertension are likely to
bring about the most impact on reduction of that burden, on
a larger scale. Patient empowerment through education
delivered via nursing care and pharmacies will help to
decentralise focus from tertiary healthcare settings to the
community. Simple strategies, such as opportunistic
screening of BP, education personalised to the patient and
linking up information are urgently needed. Community

pharmacists are well-placed to deliver these strategies, and
with adequate, ongoing support of appraisal and education,
pharmacists could become first-line providers in the man-
agement of hypertension [31].

Change4life, a programme established in the UK laun-
ched more than 10 years ago, promotes healthy lifestyle in
children. Since then, a national diet and nutrition survey
showed that this campaign led to significant reductions in
consumption of sugars from ages four to ten [32]. Education
at school level is crucial, making children the frontiers of
change in lifestyle, as evident from interventions directed
towards climate change.

May Measurement Month [33], an effective global
campaign conducted annually, is another successful cam-
paign to promote awareness of the importance of BP. In
2018 alone, providers detected 224,285 individuals requir-
ing treatment, and 111,214 inadequately treated individuals.
Extrapolating from this campaign, the introduction of BP
kiosks or stations where BP can be checked on demand,
using automatic monitors, and without the need for long
queues or time spent awaiting a consultation, could be
considered. However, widespread implementation of
such a strategy at the level of primary care is not yet
feasible [34].

In low-income countries, the focus should primarily
include improving access to medicines and technologies
and a system for monitoring, along with a systematic
approach to management. In line with this, the WHO led
Global Hearts Initiative included a technical package called
HEARTS, which includes essential modules for a strategic
approach [35]. This has already been implemented in 15
countries and initial successes are evident (Fig. 1).

Summary

Adequate hypertension management will undoubtedly
have one of the biggest impacts on saving lives in the
coming years. Table 1 and Fig. 2 summarise the key themes
visited in this essay. A systems-based approach, with a
focus on prevention of hypertension by increased awareness
and education, early detection and active participation of
patients in management, appropriate use of digitisation
and integration of pharmacogenomics, will make persona-
lisation of therapy a reality. Quite possibly, hypertension
clinic might be unrecognisable in 2030. However, as evi-
denced amidst a pandemic, the patient–physician relation-
ship will remain the most crucial factor in the healthcare
system. The future is usually a combination of yesterday, a
vision and concerted efforts to make that vision a reality. It
is probably prudent, therefore, to live by Albert Einstein’s
thoughts on future, “I never think of future, it comes soon
enough”.
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Fig. 2 Highlights the key areas
which can transform
hypertension management.
Maximum impact can be
brought about by overlap of
efforts working towards
common goals of systems
strategy towards precision
medicine. Adapted from Dzau
and Balatbat [36].

Table 1 Summarises the possibilities of various changes in hypertension management.

Questions Contemplation

Will BP monitors change in size and shape? Validated wrist monitors will be routinely used, and they will get
smaller. Sensor-based technology and wearables may become
standard.

What will be the recommendation for patients with
pre-hypertension or other cardiovascular risk factors such
as diabetes?

A package of lifestyle modifications including exercise, plant-based
therapy, salt reduction, yoga and mindfulness training. Faecal
transplant/gut immune modulation is an emerging theme.

Who will be the first point of call for patients, if patient’s smart
apps/home BP machines reveal high BP values?

Community pharmacists.

Will it be common for clinicians to see hypertensive patients
physically in clinic?

Very likely, however, a subset of patients may be reviewed virtually
at regular intervals.

Will there be community-based BP stations similar to swab-
testing drop ins?

Very likely. BP readings from kiosks may also be integrated into
electronic healthcare records.

Will medications change? Unlikely, although targeted genetic therapies may be tested.

Will management protocols/guidelines change? Likely to be more patient centred and personalised.

What aspects of medication-related advice are likely to change? To take medications at night-time, where feasible.

What aspects of medication production are likely to change? Drug delivery systems with use of nanotechnology and possibly
3D printing.
Medications may be inbuilt with sensors to detect adherence.

Will clinical trial designs change? More pragmatic, adaptive and e-trials may be embraced to answer
some research questions.

Who will be the primary focus of education on lifestyle
modifications?

Paediatric age group.

How will education on lifestyle be provided for patients? Standardised electronic counselling via digital/AI applications.
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