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Abstract

Purpose of Review To review the recent large-scale randomised evidence on pharmacologic reduction in blood pressure for
the primary and secondary prevention of cardiovascular disease.

Recent Findings Based on findings of the meta-analysis of individual participant-level data from 48 randomised clinical
trials and involving 344,716 participants with mean age of 65 years, the relative reduction in the risk of developing major
cardiovascular events was proportional to the magnitude of achieved reduction in blood pressure. For each 5S-mmHg reduc-
tion in systolic blood pressure, the risk of developing cardiovascular events fell by 10% (hazard ratio [HR] (95% confidence
interval [CI], 0.90 [0.88 to 0.92]). When participants were stratified by their history of cardiovascular disease, the HRs (95%
CI) in those with and without previous cardiovascular disease were 0.89 (0.86 to 0.92) and 0.91 (0.89 to 0.94), respectively,
with no significant heterogeneity in these effects (adjusted P for interaction=1.0). When these patient groups were further
stratified by their baseline systolic blood pressure in increments of 10 mmHg from < 120 to > 170 mmHg, there was no sig-
nificant heterogeneity in the relative risk reduction across these categories in people with or without previous cardiovascular
disease (adjusted P for interaction were 1.00 and 0.28, respectively).

Summary Pharmacologic lowering of blood pressure was effective in preventing major cardiovascular disease events both
in people with or without previous cardiovascular disease, which was not modified by their baseline blood pressure level.
Treatment effects were shown to be proportional to the intensity of blood pressure reduction, but even modest blood pres-
sure reduction, on average, can lead to meaningful gains in the prevention of incident or recurrent cardiovascular disease.
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Introduction

Raised blood pressure is the world’s leading cause of pre-
mature death [1, 2]. Over 1.13 billion people globally have
elevated blood pressure with two-thirds of them living in
low- and middle-income countries; yet fewer than 1 in 5 peo-
ple have their blood pressure levels under control [3]. Indeed,
decreasing the prevalence of elevated blood pressure globally
is one of the key targets of the World Health Organization’s
Global Action Plan for 2013 to 2020 to reduce premature
cardiovascular disease (CVD) deaths by 2025 [4]. Modify-
ing this risk through pharmacologic lowering of raised blood
pressure also plays an important strategy to reduce the burden
of CVD. Findings from several randomised controlled trials
(RCT) conducted in the past few decades across differ-
ent countries have shown that pharmacologic lowering
of blood pressure is effective in reducing the risk of CVD
[5e, 6-12]. These beneficial effects have been reported to be
consistent across major antihypertensive drug classes, and the
relative effects on cardiovascular outcomes are broadly pro-
portional to the magnitude of blood pressure reduction [Se,
13]. Despite the existing and robust evidence on the efficacy
of blood pressure—lowering treatment, major controver-
sies remain particularly with regards to treatment strate-
gies, such as the appropriate blood pressure threshold to
start pharmacologic treatment, the blood pressure to target
when on treatment, and whether these strategies should differ
depending on an individual’s history of CVD and baseline
blood pressure. These uncertainties have been reflected in
differences in certain aspects of clinical guidelines in the
management of raised blood pressure. [14—16].

In this paper, we explore some of the earlier findings that
have established the importance of raised blood pressure as
a risk factor of CVD and describe observations that gave rise
to uncertainties in the management of raised blood pressure.
We will show reports demonstrating the efficacy of blood
pressure—lowering drug treatment, and highlight findings from
recent studies that examined the efficacy across strata of base-
line blood pressure in people with and without prior CVD. We
will then discuss how recent evidence addressed uncertainties
in blood pressure—lowering treatment strategies. Finally, we
will discuss and show future directions that can help inform
clinical management of people with raised blood pressure.

Association Between Blood Pressure
and Cardiovascular Disease Risk:
Epidemiological Observations

Observations from prospectively followed cohorts of

community-dwelling persons, who were usually free
of known cardiovascular disease, have informed the
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importance of elevated blood pressure as a risk factor of
vascular conditions. Investigations from the Framingham
Study, which originally recruited 5209 men and women
aged 30 to 62 years in 1948 who were then prospec-
tively followed, have helped demonstrate the relation-
ship between elevated blood pressure and the risks of
incident coronary heart disease and stroke [17e, 18e, 19,
20]. While findings from the Framingham Study have
contributed to establishing raised blood pressure as a
risk factor of CVD, the size of the study was too small
to allow reliable characterisation of the risk across a
wide range of blood pressure level. Several decades after
the Framingham Study began, other population-based
cohorts were formed, which helped to refine our under-
standing on the impact of elevated blood pressure on
vascular disease risk. By combining data from several of
these prospective studies, robust findings supported the
earlier observations indicating that, in people without
prior CVD, raised blood pressure increases the risk of
CVD [21e]. This association was seen across the popula-
tion range of blood pressure, without any evidence that
the risk is limited to those with high values, such as in
hypertension, nor was there any observed elevation in
the risk in the lower end of the population distribution
of blood pressure. These findings have been extended by
the Prospective Studies Collaboration by showing that
this association is consistent across middle to older age
groups [22e]. This pattern in the association is not lim-
ited to cohort studies with standardised clinical meas-
urements. Using data extracted from routine clinical
practice settings has shown similar findings [23e]. In
these large-scale prospective studies, there has been no
blood pressure level below which the association with
CVD risk is no longer valid. That is, there is a continu-
ous gradient in the risk of CVD with increasing blood
pressure level; conversely, CVD risk falls with lower
blood pressure levels.

In contrast, observations of the association between blood
pressure and CVD seem to be different in people who have
had a prior vascular disease [24, 25]. For example, in patients
with a stable coronary artery disease, the risk of developing
a composite outcome of cardiovascular death, myocardial
infarction, or stroke has been reported to increase with higher
blood pressure only in people whose usual systolic blood
pressure was 130 mmHg or higher; below this blood pressure
threshold, the CVD risk increased with lower blood pressure
levels [24]. This relationship has been commonly described
as a J-shaped curve, and raises a controversial implication in
that, unlike the observations involving incident outcomes,
lowering the blood pressure to a level below a certain thresh-
old may prove to be harmful for certain patient groups, such
as those who already had CVD previously.
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Pharmacological Interventions to Lower
Blood Pressure: Evidence from Tabular
Meta-Analysis of Published Results

of Randomised Clinical Trials

The contrasting observations between population-based
and patient cohorts are difficult to resolve given that obser-
vational studies remain prone to residual confounding.
In addition, the risk associated with high blood pressure
levels seen in observational studies does not necessarily
establish raised blood pressure as a modifiable risk factor.
Randomised trials investigating the effects of pharmaco-
logical agents to lower blood pressure provide evidence for
the unconfounded effects of blood pressure—lowering on
CVD outcomes and can demonstrate that such treatment can
modify the risk associated with elevated blood pressure. In
a meta-analysis based on published data from these trials,
the effect of lowering systolic blood pressure by 10 mmHg
resulted in a proportional reduction in the risk of major car-
diovascular events by 20% (95% confidence interval [CI],
17 to 23%) [5e]. There was no significant heterogeneity in
the effect according to history of CVD or by baseline sys-
tolic blood pressure that ranged from < 130 to > 160 mmHg.
Although this and other meta-analyses have established the
benefits of blood pressure—lowering, determining the treat-
ment effects among subgroups defined by considering more
than one personal characteristic simultaneously is not pos-
sible by simply aggregating data from published reports
[26, 27]. Thus, to correctly classify people according to
their history of CVD as well as by their baseline blood pres-
sure level, individual-level information on these factors is
needed.

The Blood Pressure-Lowering Treatment
Trialists’ Collaboration: Recent findings

The Blood Pressure—Lowering Treatment Trialists’ Collabora-
tion (BPLTTC), established in 1995, is a global collaboration of
principal investigators and research scientists investigating the
effects of blood pressure—lowering drug treatment on CVD and
mortality through a series of individual participant-level data
(IPD) meta-analyses (www.bplttc.org). The current phase of
the BPLTTC has focused on investigating the stratified effects
of blood pressure—lowering treatment on major cardiovascular
events, other less commonly reported vascular outcomes, and
safety outcomes [28]. The collaboration currently includes 52
trials with over 360,000 participants, which forms the largest
randomised evidence for blood pressure—lowering treatments
to date. In a recent report, the collaboration investigated the
benefits of blood pressure—lowering treatment in reducing
major cardiovascular outcomes (stroke, myocardial infarction,

ischaemic heart disease, or heart failure causing death or requir-
ing hospitalisation) in people with and without prior CVD as
well as by baseline blood pressure [29ee]. This specific study,
based on 48 RCTs with relevant data, included 344,716 partici-
pants with a mean age of 65 years.

Nearly a third of the study participants had a known
CVD event previously, and there was little difference in
the age at baseline between participants with and without a
history of CVD. However, baseline systolic/diastolic blood
pressure was higher in the latter (157/89 mmHg) than in
the former group (146/84 mmHg). Over a median follow-
up of 4.2 years, 42,324 participants (12.3%) developed a
major cardiovascular event. The achieved blood pressure
reduction differed across trials, largely depending on the
study design. Since the relative risk reduction was propor-
tional to the magnitude of achieved blood pressure reduc-
tion (Fig. 1A), and that treatment effects are known to be
largely mediated through blood pressure reduction [25],
the relative risk estimates were standardised to a reduction
in systolic blood pressure of 5 mmHg.

Treatment Effects Stratified by History of CVD

Overall, a 5-mmHg reduction in systolic blood pressure
lowered the risk of developing the composite outcome of
major cardiovascular events by 10% (hazard ratio [HR] (95%
CI, 0.90 [0.88 to 0.92]). Similar effects were seen when the
components of the composite outcome were examined sepa-
rately. When the analyses were stratified according to his-
tory of CVD, blood pressure—lowering treatment was equally
effective in both groups (Fig. 1B). The HR (95% CI) among
participants with and without previous CVD was 0.89 (0.86
to 0.92) and 0.91 (0.89 to 0.94), respectively, with no sig-
nificant heterogeneity in these effects (adjusted P for inter-
action=1.0). Similar patterns of the results were seen for
the effects of treatment in lowering diastolic blood pressure.
When expressing treatment effects on absolute disease rates
during follow-up, the absolute risk reduction between those
with and without previous CVD differed due to a higher
risk of future CVD events in those with prior CVD (—-0.016
[95% CI-0.019 to—0.012] and —0.022 [95% CI-0.021
to—0.017], respectively; adjusted P for interaction =0.02).

Effects Stratified by Baseline Blood Pressure
in People with and Without a History of CVD

There was a widespread in the baseline blood pressure of trial
participants. The systolic blood pressure ranged from < 120
to>170 mmHg and diastolic blood pressure from <70
to>110 mmHg. Among participants without previous CVD
(N=186,988), 2.6% had <120 mmHg systolic and 5.1%
with <70 mmHg diastolic blood pressure; among those with
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«Fig. 1 The effect of blood pressure-lowering drug treatment on the
risk of major cardiovascular events [29®®]. HR, hazard ratio; CI, con-
fidence interval. A Intensity of blood pressure reduction in relation
to the relative treatment effects on the risk of major cardiovascular
events. The centre of the bubbles indicates the HR for each trial, with
the size of the bubble inversely proportional to the respective stand-
ard error. The solid red line is the fitted regression line; the dashed
blue lines indicate 95% confidence interval; and the dashed grey line
indicates HR=1-0. *Excluding the first 12 months after randomisa-
tion. B Rates of major cardiovascular events per 5 mm Hg reduction
in systolic blood pressure, stratified by treatment allocation and car-
diovascular disease status at baseline. Major cardiovascular events
consisted of fatal or non-fatal stroke, fatal or non-fatal myocardial
infarction or ischaemic heart disease, or heart failure causing death or
requiring admission to hospital

previous CVD (N=157,728), the proportions were 7.5% and
8.8%, respectively. There was no significant heterogeneity in the
proportional risk reduction of major cardiovascular events across
categories of baseline blood pressure in people with or without
prior CVD (Fig. 2), indicating that treatment benefits in people
with or without previous CVD were not modified by their base-
line blood pressure level. In terms of absolute risk, there was no
significant variation in the absolute risk reduction across baseline
blood pressure categories in people with or without prior CVD
(adjusted P for interaction were 0.91 and 1.00, respectively).

Other Recent Findings: Effects Stratified by Age
and by History of Atrial Fibrillation

The BPLTTC has also conducted other IPD meta-analyses,
and recently investigated stratified effects of blood pressure—
lowering drug treatment by age [30ee]. As previously described,

epidemiological observations suggest that elevated blood pres-
sure remains a risk factor of CVD in older age ranges [22e].
Even if the relative risks attenuate in older ages, the absolute
risk remains high so blood pressure—lowering would still have a
beneficial impact in preventing CVD for many in this age group.
However, there have been observations suggesting that for those
in their ninth decade, ‘low’ or ‘low normal’ blood pressure values
have been associated with excess all-cause mortality [31-35].
Hence, there are concerns about interventions that lower blood
pressure in this age group particularly if their baseline blood pres-
sure is not high. Evidence for this age group from randomised
trials has been limited, and single trials lack power to examine
treatment effects in older ages particularly when stratified further
by their baseline blood pressure level. In the BPLTTC, lower-
ing of systolic blood pressure by 5 mmHg reduced the risk of
major cardiovascular events across ages <55, 55-64, 65-74,
75-84, and > 85 years (adjusted P for interaction=0.050) [30ee].
Although the HR for those aged > 85 years was 0.99 (95% CI
0.87 to 1.12), there was no apparent increase in the risk of all-
cause mortality in this age group (HR=1.00, 95% CI 0.90 to
1.11); further stratification by baseline systolic blood pressure
did not indicate any interaction between age and baseline blood
pressure (adjusted P for interaction=1.00). While the effect of
treatment to reduce CVD was weak in older ages, there was no
adverse impact on deaths due to any cause even when their base-
line blood pressure was not abnormally elevated.

In a separate study, the BPLTTC also examined any
potential heterogeneity in treatment effects according to
previous atrial fibrillation [36]. In this study, the beneficial
treatment effects were found in people with and without
atrial fibrillation at baseline, with HR (95% CI) of 0.91 (0.83

Intervention Comparator Hazard ratio and 95% Cls per 5 mmHg
Events Total Events Total reduction in systolic blood pressure

No previous cardiovascular disease

<120 268 2193 395 2581 — 0.83 [0.71; 0.97]
120 to 129 542 4542 788 5552 —a— 0.94 [0.84; 1.06]
130 to 139 981 8538 1438 10313 —— 0.89 [0.81; 0.97]
140 to 149 1571 14249 2175 16947 & 0.95 [0.88; 1.03]
150 to 159 1524 14737 2173 16948 —— 0.87 [0.80; 0.95]
160 to 169 1571 18773 2049 19811 E 0.89 [0.83; 0.95]
2170 2470 23933 3295 26614 3 0.90 [0.85; 0.95]
Adjusted p interaction 1.00

Unadjusted p interaction 0.66

Previous cardiovascular disease

<120 562 5506 821 6211 —a— 0.77 [0.68; 0.87]
120 to 129 1020 9029 1306 10234 —— 0.89 [0.81; 0.98]
130 to 139 1555 12887 1835 14424 - 0.99 [0.92; 1.07]
140 to 149 1852 15043 2321 16938 B 0.89 [0.83; 0.96]
150 to 159 1606 12306 2091 14303 i 0.90 [0.83; 0.97]
160 to 169 1247 9626 1555 10424 —— 0.83 [0.76; 0.91]
>170 1507 9454 1781 10063 i 0.90 [0.83; 0.97]
Adjusted p interaction 0.28
Unadjusted p interaction 0.04 ‘ ' ‘

0.5 0.75 1 1.5

Fig.2 Effects of blood pressure—lowering treatment on major cardi-
ovascular disease events (fatal or non-fatal stroke, fatal or non-fatal
myocardial infarction or ischaemic heart disease, or heart failure
causing death or requiring admission to hospital), by cardiovascular
disease status and systolic blood pressure (mmHg) level at baseline

[45@¢]. The Forest plot shows the hazard ratios (HR) and 95% confi-
dence intervals (CI) per 5 mm Hg systolic blood pressure reduction.
Adjusted p;peraciion Values were adjusted for multiple testing using
Hommel’s method. Unadjusted p;,eraciion Values were unadjusted for
multiple testing
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to 1.00) and 0.91 (0.86 to 0.93), respectively (P for differ-
ence between these groups =0.9). There was also no impact
on all-cause mortality for either subgroups.

Implications on Determining Treatment
Strategies

Many of the prevailing questions surrounding the clinical
management of raised blood pressure relate to the blood
pressure threshold at which to initiate pharmacotherapy, and,
in determining treatment goals, how low should the blood
pressure be reduced to.

To Use or Not to Use Blood Pressure Thresholds
for Initiating Treatment?

Pharmacotherapy is generally considered when patients
have raised blood pressure, such as in hypertension. Such
an approach is typically reflected in clinical guidelines when
setting the blood pressure threshold of >140/90 mmHg to
consider pharmacologic intervention to lower blood pressure.
However, evidence from this current study has shown that the
beneficial effects of drug treatment are demonstrable even
when baseline blood pressure is within the ‘normal’ or ‘high
normal’ range. Moreover, the absolute risk reduction did not
vary across the blood pressure levels considered in the study,
suggesting that baseline level of blood pressure, as a single
risk factor, could not discriminate very well the level of CVD
risk in the study population. Put differently, there is a sub-
stantial proportion of the population whose background risk
of CVD is high yet whose blood pressure may not reach the
threshold by which pharmacologic treatment could be initiated
[20, 37]. Thus, limiting treatment to those with hypertension
would mean many of those who are typically ‘normotensive’
but with an elevated background risk of CVD will miss out
on the benefits of blood pressure—lowering pharmacotherapy.

On the other hand, considering drug treatment for all has
cost implications. Depending on the health care system and
service provision, there would be questions around afford-
ability to support such a policy [2]. Moreover, as with taking
any medication, there are also potential adverse effects to
consider. Hence, it remains important to identify those who
are most likely to benefit from blood pressure—lowering drug
treatment. Although clinical guidelines largely use a blood
pressure—based threshold to inform treatment initiation, oth-
ers have suggested the use of a CVD risk—based approach,
which involves evaluating the background CVD risk using
some risk equation calculator, based on several risk factors
assessed at baseline and expressed in absolute terms over
a given time period. The level of estimated absolute risk
will then be used to inform the need for starting pharma-
cotherapy. This risk-based approach has been reported to
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be better at identifying those who are most likely to benefit
from taking blood pressure—lowering medications than an
approach mainly based on a single risk parameter, such as
blood pressure [38, 39]. Earlier reports from the BPLTTC
have shown that setting thresholds for initiating treatment
based on a multivariable risk—based approach would have
prevented more events and initiated treatment in fewer peo-
ple than when using commonly used blood pressure thresh-
olds [40e, 41e]. It has also been suggested that CVD preven-
tion guidelines based on cardiovascular risk strategy will be
more cost-effective to implement than when the guidelines
are based on blood pressure thresholds [42, 43].

How Low Should the Blood Pressure be Reduced to?

As mentioned earlier, one of the uncertainties relating to
blood pressure—lowering therapy concerns the J-shaped asso-
ciation between blood pressure level and vascular disease risk.
If this is true, then there might be a blood pressure threshold
associated with the least harm, and reducing blood pressure
below this level could potentially cause more harm. However,
randomised evidence does not support this notion. As has
been described, the benefits of pharmacologic lowering of
blood pressure were seen whether or not individuals have had
previous CVD and regardless of their baseline blood pressure
(and within the blood pressure range commonly observed in
the population). Rather than setting a blood pressure target
for the treatment to achieve, given that the absolute treatment
benefit relates to the magnitude of blood pressure reduction,
it may seem more reasonable to ask how much reduction in
blood pressure should the treatment strategy aim for.
Physiologically, substantive blood pressure reductions can
be achieved in well-controlled studies involving short-term
interventions of several weeks or months and relatively com-
pliant participants [44]. However, evidence from long-term
effects of commonly trialled drugs and treatment regimens
that have informed current practices suggest relatively con-
servative effects. More intensive blood pressure—lowering
interventions have been reported to lower systolic blood pres-
sure by up to 15 mmHg in systolic blood pressure compared
to a less intense treatment strategy, giving some guidance on
what might be the maximal blood pressure reduction that is
feasible to achieve with trialled regimens over several years
[45e¢]. Thus, setting a blood pressure level to target with the
pharmacologic treatment strategy might not be feasible for
some individuals if they happen to have a very high base-
line systolic blood pressure (e.g. 160 mmHg). Yet, for these
individuals, the achieved systolic blood pressure reductions
of 15 mmHg should still translate into meaningful outcomes
even if the achieved level of systolic blood pressure has not
fallen below 140 mmHg. Understanding the evidence for the
achievable magnitude of blood pressure reduction that can be
expected from the trialled drugs and/or regimens should help
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inform in setting feasible and achievable aims for the clinical
management of raised blood pressure.

Other Considerations for Determining Treatment
Strategies

Rather than focusing on modifying the risk factor, the aim
of blood pressure—lowering pharmacotherapy should be to
improve important health outcomes. By taking this perspec-
tive, making treatment decisions primarily based on blood
pressure thresholds would be avoided, and individuals whose
blood pressure levels may be within the ‘normal’ range, yet
whose background risk of CVD is elevated, could still be
potentially considered for blood pressure—lowering pharmaco-
therapy. The wider effects of blood pressure—lowering therapy
beyond major vascular outcomes should be considered. Obser-
vational studies have reported associations between blood pres-
sure and several vascular conditions which are not frequently
included as part of primary outcomes [23e]. There are reports
establishing causal associations between elevated blood pres-
sure and increased risk of atrial fibrillation and valvular heart
disease [46, 47]. However, evidence from intervention studies
remains limited for these other important vascular outcomes.
Interestingly, the wider benefits of blood pressure—lowering
treatment may extend beyond vascular conditions. In a recent
report, the BPLTTC has shown that blood pressure—lowering
treatment reduces the risk of diabetes [48ee].

Another important consideration in determining treatment
strategies is the adverse events linked to the use of blood
pressure—lowering medications, particularly when treatment
regimens involve intense lowering of blood pressure. These
largely non-serious adverse events, such as syncope, hypo-
tension, and falls, were generally time-limited and reversible
[49ee] and unrelated to baseline blood pressure levels [50].
Previous concerns about the impact of some classes of blood
pressure—lowering drugs on cancer risk were also not sup-
ported by data from the BPLTTC [51]. These considerations
should be part of the discussion between clinicians and their
patients in their clinical decision-making.

Future Directions

Recent studies being led by the BPLTTC have addressed
several uncertainties surrounding pharmacotherapy to lower
blood pressure, in particular, examining stratified treatment
effects according to different patient characteristics. To date,
the BPLTTC has reported stratified effects according to a
wide range of baseline blood pressure in people with and
without previous cardiovascular disease, in middle-aged
adults and older individuals, and in those with and without
previous atrial fibrillation. Future investigations from the
BPLTTC will consider other patient characteristics, such

as history of diabetes and renal disease. There is a need
for further work to understand treatment effects on other
important vascular and non-vascular health outcomes, such
as peripheral vascular disease, cognitive function impair-
ment, and bone fractures. Understanding the wide-ranging
benefits of blood pressure-lowering treatment may help pro-
vide informed discussions on therapeutic options and prefer-
ences between patients and clinicians.

Risk-based approaches for determining treatment strategies
need further exploration. Some of the multivariable models to
estimate an individual’s risk typically use information on per-
sonal characteristics, lifestyle, and clinical factors, such as age,
sex, smoking status, blood pressure, lipids, and body size, to
quantify the probability of developing an event, for example,
in the next 10 years. Among the commonly used equations to
estimate a patient’s absolute CVD risk at baseline include the
Framingham Risk Scores [52], Pooled Cohort Equations [53],
SCORE [54], and QRISK [55]. However, data-driven models are
increasingly used in health care risk prediction tasks. For exam-
ple, the use of deep learning algorithms to analyse data extracted
from large-scale electronic health records has been reported to
have better predictive capacity for vascular health outcomes than
various data-driven algorithms [56-58]. Deep learning models
may be better at defining at-risk groups which might be relevant
in evaluating any heterogeneity of treatment effects that are dif-
ficult to identify given conventional analytical methods and when
using available trials data. Data-driven approaches may provide
novel ways to help identify groups of people with the most and
least to gain from blood pressure—lowering treatment for a given
age, sex, ethnicity, or health status during a particular period in
the person’s life course. However, whether a risk-based approach,
based on these novel data-driven models, makes a substantive
difference in identifying people who are most likely to benefit
from blood pressure—lowering medications compared to com-
monly used risk assessment tools remains to be seen.

There is also a need to further explore the use of com-
binations of different drug classes and even new types of
drugs to lower blood pressure. A once-daily single pill with
low doses of different classes of blood pressure—lowering
drugs could be a promising pharmacotherapeutic strategy
if it could optimally lower blood pressure as well as cause
minimal adverse events [59]. Moreover, it might also be
worth exploring novel treatments that could achieve greater
blood pressure reduction than can be achieved by current
therapies, be these new classes of pharmacologic agents or
non-pharmacologic interventions.

Summary and Conclusions
Pharmacologic lowering of raised blood pressure is effec-

tive in the primary and secondary prevention of CVD. These
effects are seen across a wide range of baseline blood pressure
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levels and not limited to those with high values only. How-
ever, clinical decision-making to treat raised blood pressure
should include several considerations, including the level of
blood pressure reduction that is feasible to achieve given the
current evidence on the treatment effects of trialled drugs and
therapeutic regimens. Conventional approaches that use blood
pressure levels to assess the need for pharmacologic inter-
ventions to manage raised blood pressure may limit access
to such treatment for those whose blood pressure levels do
not reach the threshold for ‘abnormally high’ levels yet are at
high risk of developing CVD. Alternative strategies to guide
treatment decisions could be based on thresholds based on
background CVD risk rather than on blood pressure levels.
While there are several existing ways to assess background
CVD risk, data-driven models, as applied to large-scale health
data, may provide novel approaches to estimate the predicted
absolute CVD risk at baseline. Future work should further
compare and evaluate these risk-modifying approaches to
therapy against standard strategies based on blood pressure
thresholds in different populations and health care settings.
Whichever strategy is used, discussions between patients and
clinicians should include treatment effects on other impor-
tant but less commonly reported vascular and non-vascular
disease outcomes, as well as safety outcomes. Finally, future
investigations should aim to develop novel pharmacologi-
cal and non-pharmacological interventions that can achieve
greater effects in blood pressure lowering but with minimal,
or even less, adverse effects, than can be achieved with exist-
ing therapies.
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