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RENIN INHIBITION IN HYPERTENSION

Renin–Angiotensin System
Modulation for Treatment and
Prevention of Cardiovascular
Diseases: Toward an Optimal
Therapeutic Strategy
Thomas D. Giles, MD
Division of Cardiology, Tulane University School of Medicine, New Orleans, LA 

The unraveling of the role of the renin–angiotensin system (RAS) in health and disease
is an example of how basic and applied scientists can decipher a complex biological
system to better understand the pathophysiology of disease. Moreover, clinicians have
been provided with drugs to modulate the RAS, including the angiotensin-converting
enzyme (ACE) inhibitors and angiotensin receptor blockers (ARBs). ACE inhibitors and
ARBs have revolutionized the way in which many diseases are treated, including hyper-
tension, heart failure, diabetes mellitus, and kidney disease. Yet, despite the undoubted
successes of these drugs, cardiovascular morbidity and mortality remain high. Clearly,
lower blood pressure goals may be required. Because ACE inhibitors and ARBs target
specific areas of the RAS, more impressive results might be obtained with a more global
reduction in RAS activity. This article examines the results of clinical trials of ACE in-
hibitors and ARBs and assesses the potential for improving outcomes through a more
global inhibition of the RAS with renin inhibitors.
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The proper functioning of the renin–angiotensin system (RAS) is, of
course, necessary for good health. The RAS plays a major role in regulat-
ing sodium levels and intravascular volume and in modulating many

local physiological processes. It is now recognized that dysregulation of the RAS
may be a key factor in the pathophysiology and development of increased
blood pressure (BP), renal disease, atherosclerosis, diabetes, and heart failure in
a substantial number of patients.1,2
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The precise role of the RAS in in-
creasing BP and producing target
organ damage in patients with pri-
mary hypertension is not known.
However, in conditions such as dia-
betes mellitus and heart failure, dys-
regulation of the RAS is apparent. And
angiotensin II, the octapeptide that
mediates the effects of the RAS, may
play a role in cardiovascular patholog-
ical remodeling, leading to structural
and functional changes in the my-
ocardium, kidney, and vasculature.2

The RAS may also have an im-
portant role in the pathophysiology
of the metabolic syndrome. An-
giotensin II is produced by the vis-
ceral adipocytes and could play a big
part in creating insulin resistance and
diminishing beta-cell responsiveness,
thus making obese people more sus-
ceptible to diabetes.3,4 The organ
damage caused by angiotensin II may
result from increased oxidative stress
due to the action of this peptide on
membrane NAD(P)H oxidase. 

Has Interruption of the RAS 
by ACE Inhibitors and ARBs
Achieved the Goal of Reducing
Cardiovascular Morbidity and
Mortality?
Angiotensin-converting enzyme (ACE)
inhibitors and angiotensin receptor
blockers (ARBs) have not delivered
the major reductions in cardiovascu-

lar outcomes that were predicted on
the basis of the belief that the RAS is
broadly dysregulated in hyperten-
sion. For instance, a recent meta-
analysis of 27 randomized trials
involving 158,709 patients, con-
ducted by the Blood Pressure Lower-
ing Treatment Trialists’ Collaboration
(BPLTTC), showed no significant ad-
vantage of ACE inhibitors or ARBs
over other classes of antihyperten-
sives with regard to major clinical
outcomes (Figures 1, 2).5,6 An alterna-
tive hypothesis, of course, is that ACE
inhibitors and ARBs are not fully ef-
fective in blocking this system.

Successes of ACE inhibitors
and ARBs in Outcome Trials
The clinical benefits of ACE in-
hibitors and ARBs in certain subsets
of patients, including patients at
high risk and those with heart fail-
ure, post myocardial infarction (MI),
and renal disease (Figure 3), cannot
be denied. An examination of these
subsets illustrates the benefits of
modulating the RAS.

High-Risk Patients
In the Heart Outcomes Prevention
Evaluation (HOPE) study, the ACE
inhibitor ramipril significantly re-
duced the incidence of MI, cardio-
vascular death, or stroke by 22%
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Figure 1. A meta-analysis of antihypertensive clinical trials fails to show an advantage of angiotensin-converting
enzyme (ACE) inhibitors over other classes of drugs. BP, blood pressure; RR, relative risk; CI, confidence interval; CV,
cardiovascular; D/BB, diuretic/beta-blocker; CA, calcium antagonist. Adapted with permission from Blood Pressure
Lowering Treatment Trialists’ Collaboration.6

Figure 2. A meta-analysis of antihyperten-
sive clinical trials fails to show an advantage
of the angiotensin receptor blockers (ARBs)
over other classes of drugs. BP, blood pres-
sure; RR, relative risk; CI, confidence interval;
CHD, coronary heart disease; CV, cardiovas-
cular. Adapted with permission from Blood
Pressure Lowering Treatment Trialists’
Collaboration.6
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compared with placebo (P � .001) in
high-risk patients (patients with a
history of cardiovascular disease or
with complicated diabetes).7 Simi-
larly, in the European Trial on Re-
duction of Cardiac Events with
Perindopril in Stable Coronary Artery
Disease (EUROPA) study, perindopril
significantly reduced cardiovascular
events by 20% compared with
placebo (P � .0003).8 However, at
least some of the cardiovascular bene-
fits achieved by ACE inhibitors could
be attributed to reductions in BP.

The addition of an ACE inhibitor
to conventional therapy did not pro-
vide additional cardiovascular bene-
fits for patients with coronary artery
disease (CAD) in the Prevention of
Events with Angiotensin Converting
Enzyme Inhibition (PEACE) trial.9

Trandolapril did not reduce the inci-
dence of the primary study endpoint
of cardiovascular death, MI, or coro-
nary revascularization compared
with conventional therapy alone.
However, the event rate was low,
probably reflecting the beneficial ef-
fects of ongoing aggressive therapy
with statins, antiplatelet drugs, and
other risk-reducing therapies.

The Comparison of Amlodipine
versus Enalapril to Limit Occurrences
of Thrombosis (CAMELOT) study
similarly failed to demonstrate im-
proved outcomes with ACE inhibitor
therapy in patients with angiograph-
ically documented stable CAD.10

CAMELOT compared the effects of
treatment with the ACE inhibitor
enalapril or the calcium channel
blocker (CCB) amlodipine with

placebo on cardiovascular events in
patients with CAD. Although am-
lodipine treatment significantly re-
duced the rate of cardiovascular
events by 31% compared with
placebo (P � .003), the effects of
enalapril treatment—for the same
degree of BP lowering—were not sig-
nificant (15% reduction; P � .16). In-
terestingly, in a cohort of patients
who underwent serial intravascular
ultrasound of the coronary arteries, a
reduction in atherosclerotic plaque
volume was related to the degree to
which BP was lowered, regardless of
the drug used.11

Heart Failure
Activation of the RAS, along with
other neurohormonal systems such
as the sympathetic nervous system,

Major Clinical Outcome Trials of RAS Manipulation
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Figure 3. Clinical trials of angiotensin-converting enzyme (ACE) inhibitor and angiotensin receptor blockade therapy in various subsets of cardiovas-
cular disease have shown beneficial effects on outcomes of morbidity and mortality. RAS, renin–angiotensin–aldosterone system; CAD, coronary artery
disease; LV, left ventricular.
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is strongly linked to the progression
of heart failure. The importance of
interruption of the RAS in heart fail-
ure was demonstrated in the Cooper-
ative North Scandinavian Enalapril
Survival Study (CONSENSUS).12 The
ACE inhibitor enalapril reduced mor-
tality by 27% compared with placebo
(P � .003). 

Use of ARBs to modulate the RAS
in heart failure was examined in the
Valsartan Heart Failure Trial (Val-
HeFT).13 Addition of valsartan to ex-
isting therapies (including ACE in-
hibitors) led to a 13.2% reduction
compared with placebo (P � .009) in
the incidence of the primary study
endpoint of mortality and cardiovas-
cular morbidity, driven primarily by
a reduction in hospitalizations for
heart failure. However, in a small
subset of patients not receiving ACE
inhibitors, the ARB significantly re-
duced mortality and morbidity. The
Candesartan in Heart Failure Assess-
ment of Reduction in Mortality and
Morbidity (CHARM-Overall) trial
showed that ARB treatment in pa-
tients with chronic heart failure sig-
nificantly reduced the hard end-
points of all-cause mortality by 10%
(P � .032) and cardiovascular death
by 13% (P � .006).14

Despite the positive effects of can-
desartan in the CHARM studies,
residual mortality remained high
(23% and 25% in the candesartan
and placebo groups, respectively).
That nearly 1 patient in 4 died dur-
ing the course of the trial even with
ARB (combined in some patients
with ACE inhibitor) treatment sug-
gests there is room for improvement
with alternative strategies; among
the strategies to be considered are al-
ternative methods for inhibiting the
RAS.

Post Myocardial Infarction
Following strong preclinical data,
the benefits of ACE inhibitor treat-

ment in patients with reduced left
ventricular systolic function follow-
ing MI were demonstrated in the
Survival and Ventricular Enlarge-
ment (SAVE) trial.15 SAVE showed
that long-term treatment with the
ACE inhibitor captopril significantly
reduced mortality by 19% (P � .019)
and also reduced cardiovascular mor-
bidity compared with placebo. The
Valsartan in Acute Myocardial Infarc-
tion Trial (VALIANT) investigated
whether the ARB valsartan alone or
in combination with captopril would
provide superior cardiovascular out-
comes compared with captopril
monotherapy in post-MI patients
with impaired systolic function.16

The study found that valsartan was
equal to captopril monotherapy in
its effects on major endpoints. The
ACE inhibitor–ARB combination did
not provide improved cardiovascular
outcomes compared with the ACE
inhibitor alone, although this find-

ing might be explained by both
drugs being administered at a time
when patients were not hemody-
namically stable. Nevertheless, the
results of VALIANT suggest the need
for alternative modulation of the
RAS in post-MI patients.

Diabetic Nephropathy
Diabetes mellitus is regarded as a
compelling indication for the use of
ACE inhibitors or ARBs in treating
hypertension. Activation of the RAS
is a key step in the progression of di-
abetic kidney disease, even when
plasma levels of renin activity are
not increased. Both ACE inhibitors
and ARBs have demonstrated reno-
protective benefits in trials in pa-
tients with diabetic nephropathy,

such as the Captopril Collaborative
Study, the Reduction of Endpoints
in NIDDM with the Angiotensin II
Antagonist Losartan (RENAAL)
study, and the Irbesartan in Diabetic
Nephropathy Trial (IDNT).17-19 Al-
though ARB treatment in these trials
significantly slowed the decline in
renal function in patients with dia-
betic nephropathy, the absolute
mean rate of decline in glomerular
filtration rate in both studies was
still higher than the expected loss
due to aging,18,19 as specified in Na-
tional Kidney Foundation guide-
lines.20 Likewise, proteinuria was sig-
nificantly reduced, but still remained
in the macroalbuminuria range.

The benefits of ACE inhibitors and
ARBs for patients with diabetic renal
disease were evaluated in a recent
meta-analysis of 127 randomized tri-
als involving 73,514 patients.21 This
study confirmed that ACE inhibitor
or ARB treatment provides renopro-

tective benefits, but indicated that
these were probably due to the BP-
lowering effects of treatment. The
analysis also suggested that ACE in-
hibitor or ARB treatment of patients
with diabetic nephropathy provided
no significant additional renoprotec-
tive benefits compared with other
antihypertensive classes. Perhaps fur-
ther benefits might occur with more
fully effective blockade of the RAS.

Neither the RENAAL nor the IDNT
studies demonstrated a significant
beneficial effect of ARB treatment on
cardiovascular morbidity and mor-
tality.18,19 Further, data from a meta-
analysis of antihypertensive clinical
trial results from the BPLTTC in the
subgroups of patients with diabetes
indicated that neither ACE inhibitor

The analysis also suggested that ACE inhibitor or ARB treatment of patients
with diabetic nephropathy provided no significant additional renoprotective
benefits compared with other antihypertensive classes.
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nor ARB treatment provided signifi-
cantly greater benefits for cardiovas-
cular events than did other drug
classes.7

Post Stroke
Blood pressure is recognized as an
important determinant of the risk of
stroke, and systematic reviews of
randomized trials of antihyperten-
sive agents have clearly shown that
reductions in BP decrease the risk of
stroke, with little or no difference
observed among the effects of differ-
ent drug classes.22 The Perindopril

Protection Against Recurrent Stroke
Study (PROGRESS) evaluated the ef-
fects of treatment with the ACE in-
hibitor perindopril (with addition of
the diuretic indapamide at the dis-
cretion of the investigators) on the
incidence of stroke in patients with a
history of stroke or transient is-
chemic attack.23 Although perindopril
alone did not provide a significant
benefit, the combination of perindo-
pril and indapamide significantly
reduced the risk of stroke by 43% 
(P � .0001) compared with placebo.
Given that the combination treat-
ment also provided significantly
greater BP reductions (P � .001) than
did perindopril alone, it is possible
that the outcome benefits of therapy
in PROGRESS were influenced by re-
ductions in BP as well as by suppres-
sion of the RAS by perindopril.

Results strongly in favor of specific
benefits of RAS blockade in post-
stroke patients were achieved in the
Morbidity and Mortality After
Stroke, Eprosartan Compared with
Nitrendipine for Secondary Preven-
tion (MOSES) study—the first trial to
compare an ARB (eprosartan) with a

CCB (nitrendipine) in the secondary
prevention of stroke in hypertensive
patients.24 For the same level of BP
reduction, an eprosartan-based treat-
ment regimen significantly reduced
the incidence of mortality and all
cardiovascular and cerebrovascular
events by 21% (P � .014) compared
with a nitrendipine-based regimen.
These results indicate that ARB ther-
apy may provide stroke protection
beyond BP lowering in patients with
hypertension, although MOSES re-
mains the only major outcome study
to demonstrate such a benefit. It

should be noted that data analyses
were not performed on the time to
first event, as is more conventional,
but rather, to enhance the power of
the study, counted all the events that
occurred.

High-Risk Hypertension
The Losartan Intervention for End-
point Reduction in Hypertension
(LIFE) study is widely considered to
be a landmark trial showing the out-
come benefits of ARB treatment.25

Losartan-based treatment signifi-
cantly reduced the risk of the pri-
mary coronary and stroke composite
endpoint of the study by 13% (P �

.021) compared with the atenolol-
based therapy, a result driven largely
by the 25% relative reduction in the
risk of stroke with losartan compared
with atenolol. It should be kept in
mind, however, that ARB treatment
in LIFE was originally expected to
test whether the inability of older
antihypertensive therapies to reduce
the risk of coronary events reflected
a need to more effectively block the
RAS.26 In fact, losartan did not sig-
nificantly reduce the risk of cardio-

vascular mortality compared with
atenolol in the overall cohort, and
the rate of MI in the losartan group
was no lower than in patients receiv-
ing atenolol.25 The primary endpoint
was driven by the reduction in stroke
that may have resulted from a more
pronounced reduction in central aor-
tic pressure with losartan as com-
pared with atenolol. This latter con-
cept is supported by the Conduit
Artery Function Evaluation (CAFÉ)
substudy of the Anglo-Scandinavian
Cardiac Outcomes Trial (ASCOT)
study, as discussed below. 

ACE inhibition and diuretics were
also compared in the Second Aus-
tralian National Blood Pressure
Study (ANBP2), which enrolled hy-
pertensive patients aged 65 to 84
years.27 In this study, ACE inhibitor
therapy provided a modest 11% re-
duction (P � .05) in the risk of car-
diovascular events or all-cause mor-
tality compared with diuretic
therapy, with the benefit being
stronger in men than in women.
Thus ANBP2, while showing benefits
of RAS blockade, failed to demon-
strate a compelling advantage of
treatment with an ACE inhibitor.

More recently, the BP-lowering
arm of ASCOT showed that a treat-
ment regimen based on the CCB am-
lodipine, with addition of the ACE
inhibitor perindopril, significantly
reduced the incidence of stroke (P �

.0003), total cardiovascular events 
(P � .0001), and all-cause mortality
(P � .025) compared with an
atenolol-diuretic regimen, although
the primary coronary endpoint failed
to achieve statistical significance,
given the early termination of the
trial.28 Because this was essentially a
comparison of combination therapies,
it is unclear whether the superior out-
comes in the amlodipine/perindopril
group were due to the CCB, the ACE
inhibitor, or the combination of the
two. As mentioned above, there was

These results indicate that ARB therapy may provide stroke protection
beyond BP lowering in patients with hypertension, although MOSES
remains the only major outcome study to demonstrate such a benefit.
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less reduction in central aortic pres-
sure with the atenolol-based regimen
than the ACE inhibitor regimen.29

The Valsartan Antihypertensive
Long-term Use Evaluation (VALUE)
trial was specifically designed to test,
in high-risk hypertensive patients,
whether the ARB valsartan would pro-
vide cardioprotective benefits beyond
BP lowering compared with amlodip-

ine treatment.30 In this trial, the inci-
dence of the primary composite car-
diac endpoint was virtually identical
in the amlodipine and valsartan
groups. However, amlodipine was as-
sociated with a lower incidence of MI
compared with valsartan, though
heart failure endpoints tended to be
lower with valsartan. Because of the
study design, there was an inequality
in BP control in the early phase of the
trial, and thus the unequal BP reduc-
tions may have confounded the inter-
pretation of the results.

Will Suppression of the RAS 
by Inhibition of Renin
Produce the Cardiovascular
Benefits Not Found With ACE
Inhibitors and ARBs?
Overall activity of the RAS is regulated
by the activity of renin. Because of
the negative feedback loop stimulated
by angiotensin II on the AT1 receptor,
the effects of ACE inhibitors and ARBs
are potentially attenuated by the in-
creased release of renin. Thus, inhibit-
ing the action of renin seems a logical
approach to improving the complete-
ness of RAS suppression. 

Renin inhibition prevents the
formation of angiotensin I, an-
giotensin II (whether generated by
ACE-dependent or -independent
pathways), and all angiotensin pep-

tides subsequently derived from an-
giotensin I and II (Figure 4).31 Addi-
tion of a renin inhibitor to an ACE
inhibitor or ARB therapy would neu-
tralize the compensatory rise in
plasma renin activity induced by these
agents, potentially enhancing sup-
pression of the RAS. Moreover, be-
cause the renin enzyme is so specific—
angiotensinogen is its only known

natural substrate—renin inhibition
would be expected to provide these
additional benefits without additional
side effects. As yet, however, the clini-
cal effects of this type of dual RAS
blockade have not been tested, al-
though the results of a study measur-
ing the combined effects of an ACE in-
hibitor (ramipril) and a renin inhibitor
(aliskiren) on components of the RAS
are expected to be reported soon.

Aliskiren (soon to be made avail-
able), the first in a new class of orally
effective renin inhibitors, has in-

creased interest in renin as a target
for antihypertensive therapy.32 Stud-
ies in healthy volunteers showed
that aliskiren caused dose-dependent
reductions in plasma renin activity
and angiotensin II levels,33 and early
clinical trials in patients with hyper-
tension showed that this drug had
antihypertensive efficacy compara-
ble to that of the ARBs losartan and
irbesartan,34,35 with placebo-like tol-
erability.35,36 Moreover—and with
possible relevance to the ability of a
renin inhibitor to expand the reach
of existing RAS inhibitors—a pilot
study in healthy volunteers showed
that aliskiren in combination with
valsartan neutralized the compen-
satory rise in plasma renin activity
and angiotensin II that is normally
stimulated by the ARB.36 The results
of further studies investigating the
organ-protective and outcome bene-
fits of aliskiren are awaited.

RAS Modulation in the
Context of a New Definition 
of Hypertension
The discovery that RAS activation is
a contributor to the development of

Addition of a renin inhibitor to an ACE inhibitor or ARB therapy would neu-
tralize the compensatory rise in plasma renin activity induced by these
agents, potentially enhancing suppression of the RAS.
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target organ damage in some pa-
tients with hypertension, indepen-
dent of the effects of BP, has led to a
growing realization that BP values
alone are an incomplete indicator of
the presence of target organ damage
and overall cardiovascular risk. In-
deed, trials such as HOPE and
EUROPA showed that RAS inhibitor
treatment can provide outcome ben-
efits even in patients with BP levels
below the threshold for diagnosis of
hypertension.7,8

The Hypertension Writing Group
has responded to this by developing
a proposed new definition of hyper-

tension in which BP values are con-
sidered alongside indicators of target
organ damage and cardiovascular
risk: “Hypertension is a progressive
cardiovascular syndrome arising from
complex and interrelated etiologies.
Early markers of the syndrome are
often present before blood pressure el-
evation is observed; therefore, hyper-
tension cannot be classified solely by
discrete blood pressure thresholds.
Progression is strongly associated
with functional and structural cardiac
and vascular abnormalities that dam-
age the heart, kidneys, brain, vascula-
ture and other organs, and lead to
premature morbidity and death.”37

The group presents a definition and
classification of hypertension.

Notably, the ongoing Trial of Pre-
venting Hypertension (TROPHY)
study is investigating whether early
RAS inhibitor treatment with an ARB
in patients with prehypertension
might prevent or delay the develop-
ment of clinical hypertension.38-40

Baseline cardiovascular risk profiles
of the 809 subjects enrolled in
TROPHY showed that 96% of partic-

ipants had at least 1 additional car-
diovascular risk factor, 81% had 2 or
more, and 13% had 5 or more.39

These findings illustrate that in
many patients, the risk of cardiovas-
cular disease may begin to rise before
BP reaches the current threshold for
the diagnosis of hypertension, due to
other co-occurring risks such as early
target organ damage, in addition to
rising BP. The potential benefits of
early ARB treatment in protecting
against RAS-induced organ damage
in these patients will be of interest,
though the optimal time for inter-
vention in the natural history of hy-

pertension might prove to be earlier
than the average age of 50 years
studied in TROPHY.

Conclusions
The development of effective in-
hibitors of the RAS has led to a major
step forward in our understanding of
the pathophysiology of cardiovascu-
lar disease. Indeed, the importance of
target organ damage, such as that
caused by RAS activation, has been
recognized in the new definition of
hypertension proposed by the Hyper-
tension Writing Group. But although
ACE inhibitors and ARBs have pro-
vided an excellent starting point for
therapies targeting the RAS, clinical
trial evidence indicates that there re-
mains significant scope for testing
whether increased, more comprehen-
sive RAS suppression could produce
additional clinical benefits. The de-
velopment of aliskiren, the first in a
new class of orally effective renin in-
hibitors, offers, quite apart from its
benefits as a single agent, the poten-
tial to enhance the organ protection
and outcome benefits of existing RAS

inhibitors. Further trials investigating
the effects of aliskiren and future
renin inhibitors on cardiovascular
and renal outcomes are beginning.
Renin inhibition may offer an impor-
tant opportunity to examine whether
the cardiovascular benefits of inhibit-
ing the RAS can be fully realized.
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Main Points
• Dysregulation of the renin–angiotensin system (RAS) is a key factor in the pathophysiology and development of

increased blood pressure (BP), renal disease, atherosclerosis, diabetes, and heart failure in some patients. 

• The clinical benefits of angiotensin-converting enzyme (ACE) inhibitors and angiotensin receptor blockers (ARBs) in
patients at high risk and in cases of heart failure, post myocardial infarction (MI), diabetic nephropathy, post stroke,
and high-risk hypertension have been demonstrated in many outcome trials.

• However, ACE inhibitors and ARBs have not delivered the major reductions in cardiovascular outcomes that were
predicted on the basis of the belief that the RAS is broadly dysregulated in hypertension.

• Addition of a renin inhibitor to an ACE inhibitor or ARB therapy would potentially enhance suppression of the RAS.

• Aliskiren is the first in a new class of orally effective renin inhibitors; studies on the organ-protective and outcome
benefits of aliskiren are under way.

• RAS activation is a contributor to the development of target organ damage in some patients with hypertension,
independent of the effects of BP.

• The Hypertension Writing Group has proposed a new definition of hypertension in which BP values are considered
alongside indicators of target organ damage and cardiovascular risk.
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