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J-curve; Introduction: The aim of this review was to summarize the current state of evidence regarding
Blood pressure goals; the optimal blood pressure goals in patients with high vascular risk. In particular, this review
Hypertension; critically addresses the issue of the *J-curve” paradox — a hypothesis indicating that low
Treatment; treatment-induced blood pressure values are characterized by an increase, rather than a
Cardiovascular risk. decrease, in the incidence of cardiovascular events.

Materials and methods: We reviewed evidence from studies published in peer-reviewed journals
indexed in Medline, EMBASE and CINAHL that compared different BP goals.

Results: Post-hoc analyses of randomized trials specifically conducted to test the hypothesis of
the ““J-shaped curve” yielded conflicting results. However, trials directly comparing different
blood pressure goals and meta-analyses showed that in-treatment blood pressure values below
the usual goal of less than 140/90 mmHg improve outcomes in patients at increased vascular risk.
Discussion: The fear that an excessive reduction in blood pressure may be dangerous is inconsistent
with the available data and probably conditioned by the adverse impact of other risk factors that
may be more frequent in patients with low values of achieved blood pressure. The association
between blood pressure reduction and cardiovascular risk seems to be linear and not J-shaped.
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Introduction

Hypertension is a major risk factor for cardiovascular (CV)
and cerebrovascular disease. It is more common than other
CV risk factors such as cigarette smoking, dyslipidemia, and
diabetes [1,2]. In addition to the direct association between
blood pressure (BP) levels and the risk of CV disease, the
beneficial effect of BP reduction in controlling CV risk is well
documented [3—5]. Epidemiological observations suggested
that lower BP values, even within the normotensive range,
are protective against future vascular events [6,7]. Large
randomized controlled trials (RCTs) conducted in mixed
populations of normotensive and hypertensive patients with
coronary artery disease [8,9,10] (CAD) or high vascular risk
[11] showed, with one exception [10], the effectiveness of BP
lowering, even in the normotensive range, for reducing
vascular risk. However, some retrospective analyses of major
trials in patients with CAD or high vascular risk [12] suggested
worse outcomes not only in association with high BP values,
but also with low achieved BP levels, thus raising the hypoth-
esis of the J-shaped curve paradox [13].

The present review focuses on the ‘J-shaped curve”
hypothesis using retrospective and initial prospective studies
and tries to summarize the current state of evidence regard-
ing optimal BP goals in patients with high vascular risk.

The **J-Curve” hypothesis: an artifact?

After the pioneering observations by Anderson [14], Stewart
[15] and Cruickshank [13], subsequent studies confirmed the
occurrence of an increase, rather than a decrease, in cardiac
morbidity and mortality in patients with low values of
achieved diastolic BP [12,16,17].

The International Verapamil-Trandolapril Study (INVEST),
a randomized study that included hypertensive patients with
CAD, showed a J-shaped relationship between the levels of
achieved diastolic BP and the risk of Ml (and, to a much lesser
extent, that of stroke) [17]. The risk of the primary outcome
of the study (all-cause death, non-fatal MI, non-fatal stroke)
showed a J-shaped relationship with both diastolic and sys-
tolic BP [17], the latter being unexpected on the basis of
pathophysiology. Similar results were obtained by the Val-
sartan Antihypertensive Long-Term Use Evaluation (VALUE)
[16] trial and by the Ongoing Telmisartan Alone and in
Combination with Ramipril Global Endpoint Trial (ONTARGET)
[12] (Fig. 1). In addition, a post-hoc analysis of the Hyperten-
sion Optimal Treatment (HOT) study suggested that the
relationship between MI and achieved diastolic BP was
J-shaped in the subset with CAD at entry, but not in the
subset without CAD.

In a pooled analysis of 13 studies conducted in more than
48,000 patients with treated hypertension, the risk of cardiac
events increased in patients with low values of treated
diastolic BP, whereas the risk of stroke did not show any
J-shaped relation with diastolic BP [18].

Caveats in interpreting the J-curve. In his review arti-
cle, Marschner showed that the evaluation of the prognostic
value of a primary risk factor (in our case, BP) may be easily
confounded by the association with other (i.e., residual) risk
factors [19]. Such a situation may occur when a study is
conducted on patients carrying, by protocol, one or more
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Figure 1 The J-curve phenomenon suggested by three recent
clinical trials. The figure depicts the possible association
between systolic blood pressure and cardiovascular events.

prognostically important risk factors. In such a context,
patients with a less phenotypic expression of the primary
risk factor (in our case, with low values of BP) may have an
enhanced expression of other risk factors. Such a condition
may have occurred, for example, in the aforementioned
analysis of the INVEST study, in which the patients with
low achieved diastolic BP were older and also had a higher
incidence of prior myocardial infarction (M), cancer, heart
failure (HF), and diabetes compared to those with high
diastolic BP [17]. Pulse pressure (PP), a prognostically impor-
tant risk factor, was also higher in patients with low diastolic
BP [17]. This was also the case in the ONTARGET trial, where
the patients with lower achieved BP also had higher inci-
dences of CAD and previous MI [12].

Therefore, if one combines the prognostic impact of
residual risk factors (prior MI, HF, cancer, etc.) with that
of the primary risk factor (BP), the aggregate effect is a
nonlinear distortion of the otherwise linear relationship
between the primary risk factor and the outcome. Such a
distortion may easily produce an apparent threshold, or
J-curve relationship, even if the true underlying relationship
is linear.

In summary, patients with low BP may be at higher risk of
adverse events not because of the “excessive reduction of
BP’ but because of the more frequent coexistence with
other, prognostically important, residual risk factors. In other
words, this may be a good context for the concept of
“reverse causality” (e.g., residual risk factors being the
primary cause of both the low BP values and the increased
risk of events).

BP lowering in the normotensive range: lessons
from RCTs

Active treatment vs. placebo. Some placebo-controlled
trials evaluated the hypothesis that active anti-hypertensive
treatment might have a direct and clinically significant CV
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benefit in patients with a mean baseline BP less than
140/90 mmHg. Some, but not all, of these trials demon-
strated benefit from active therapy. Three RCTs demon-
strated benefit in term of CV outcome. The first of these
trials, the Heart Outcomes Protection Evaluation (HOPE)
trial [11], clearly demonstrated a beneficial effect of ACE-
inhibitors (ACE-Is) in patients at high risk of vascular disease
as a consequence of CAD, previous stroke, peripheral arterial
disease or complicated diabetes. The average BP at entry in
these patients was only 139/79 mmHg. In these patients,
ramipril significantly prevented CV death, stroke, MI, HF and
diabetic microvascular complications including nephropathy
compared to placebo. In addition, it reduced the need for
angioplasty and bypass surgery [11].

The second study, the European Trial on Reduction of
Cardiac Events with Perindopril in Stable Coronary Artery
Disease (EUROPA) [8] analyzed the prognostic impact of
perindopril in over 10,000 patients with CAD. The mean BP
at entry was 137/82 mmHg, and only 27 percent had a history
of hypertension. The patients were randomly assigned to
perindopril (8 mg once daily) or placebo. The EUROPA trial
showed that the addition of the ACE-I perindopril to standard
therapy significantly reduced the composite end point of CV
death, MI, and cardiac arrest. There was at least a trend
toward a similar benefit in each of the components of the
primary endpoint, and the effect was consistent in all pre-
defined subgroups. Achieved BP in the perindopril group
averaged 128/78 mmHg, a value that was 5/2 mmHg lower
on average than seen with placebo.

In the Comparison of Amlodipine vs. Enalapril to Limit
Occurrences of Thrombosis (CAMELOT) trial [9], active treat-
ment with amlodipine or enalapril was compared with pla-
cebo in 1,991 patients with known CAD. The mean baseline
BP was 129/78 mmHg, and both amlodipine and enalapril
produced greater average reductions in BP than placebo
(4.8/2.5 and 4.9/2.4 versus 0.7/0.6 mmHg). Although there
was a non-significant difference in the rate of “hard” CV
endpoints (all-cause mortality, nonfatal MI, or stroke) with
amlodipine or enalapril compared to placebo, some compo-
nents of the primary end-point (coronary revascularization
and hospitalization for angina) were significantly reduced by
amlodipine compared to enalapril and placebo [9].

Other trials showed no benefit from active therapy com-
pared to placebo even though lower BPs were attained. In
particular, the Prevention of Events with Angiotensin Con-
verting Enzyme Inhibition (PEACE) trial [10] showed that the
addition of trandolapril to standard therapy failed to provide
any benefit in terms of death from CV causes, MI, or coronary
revascularization (primary end-point). None of the examined
subgroups benefited from ACE-I therapy. The PEACE trial [10]
targeted patients with known CAD and ejection fractions (EF)
equal to or greater than 40% and was specifically conceived to
extend the observations that emerged in the HOPE study to a
lower risk population. Notably, the mean baseline BP in the
PEACE trial was 133/78 mmHg. However, the patients
enrolled in the PEACE trial were at lower CV risk and were
more likely to have been treated with beta-blockers, anti-
platelet drugs and lipid-lowering therapy than the HOPE [11]
and EUROPA cohorts [8].

The Telmisartan Randomised AssessmeNt Study in ACE
iNtolerant subjects with cardiovascular Disease (TRANS-
CEND) trial [20] randomly assigned high-risk patients who

were similar to those in HOPE [11] but did not tolerate ACE-Is
to either telmisartan 80 mg/day or placebo. The mean
baseline BP was 141/82 mmHg. At a median follow-up of
56 months, the mean BP was 4.0/2.2 mmHg lower in the
telmisartan group than in the placebo group. Despite this
gradient in achieved BP, there was no statistically significant
difference between the two groups in the primary composite
outcome of CV death, MI, stroke, or hospitalization for HF.
Again, the use of statins, beta blockers, and antiplatelet
agents was much greater in TRANSCEND than in HOPE. Further-
more, the achieved BP gradient between the two arms may not
have been enough to guarantee a prognostic benefit [21].

Two other trials showed no benefit of active treatment
compared to placebo despite a greater BP reduction in the
active treatment group. In the Nateglinide and Valsartan in
Impaired Glucose Tolerance Outcomes Research (NAVIGATOR)
trial [22], patients with impaired glucose tolerance and
either established CV disease or one or more risk factors
for CV disease were randomly assigned to valsartan or pla-
cebo. The mean BP at baseline was 140/83 mmHg, and after a
median follow-up of five years, the mean BP decreased
significantly more in the valsartan group (6.3/4.4 versus
3.8/3.0 mmHg). No significant differences were observed
in the incidence of a composite outcome of death from CV
causes, nonfatal MI, nonfatal stroke, hospitalization for HF,
arterial revascularization, or hospitalization for unstable
angina.

In the A Coronary disease Trial Investigating Outcome
with Nifedipine GITS (ACTION) trial [23], 7,665 patients with
chronic stable angina were randomly assigned to long-acting
nifedipine or placebo. Active treatment had no effect on the
incidence of the primary end-point (major CV events, includ-
ing death by any cause, acute MI, refractory angina, new
overt HF, debilitating stroke, and peripheral revasculariza-
tion). The mean baseline BP was 137/80 mmHg and was
significantly lower in the nifedipine group at end the end
of the study (130/75 versus 136/78 mmHg).

RCTs comparing different BP goals. Only two trials
[24,25] have directly compared BP goals to test the hypoth-
esis that lower attained BPs (below the usual goal of less than
140/90 mmHg) improve outcomes in patients at increased
vascular risk.

In the Studio Italiano Sugli Effetti Cardiovascolari del
Controllo della Pressione Arteriosa Sistolica (Cardio-Sis)
[24], 1,111 treated non-diabetic high risk patients were
randomly assigned to a goal systolic BP of < 140 mmHg (usual
control) or < 130 mmHg (tight control). Open-label agents
were used to reach the randomized BP goals. The primary
study end-point was the proportion of patients with new
development or lack of regression of electrocardiographic
left ventricular hypertrophy (LVH) 2 years after randomiza-
tion, and the main secondary end-point was a composite pool
of pre-specified CV events and death. The primary end-point
of the study occurred less frequently in the tight than in the
usual control group (odds ratio 0.63; 95% confidence interval
[CI] 0.43—0.91; p =0.013). In addition, the secondary end-
point occurred less frequently in the tight than in the usual
control group (hazard ratio 0.50; ClI 0.31—0.79; p =0.003)
(Fig. 2). A pre-specified subgroup analysis did not show any
interaction between the subsets with and without overt CV
disease at entry in the risk of both the primary and secondary
end-points.
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Figure 2 Effect of tight blood pressure control on cardiovas-
cular events in hypertensive patients at high vascular risk.

The Action to Control Cardiovascular Risk in Diabetes
(ACCORD BP) trial [25] randomly assigned 4,733 patients with
type Il diabetes mellitus with established CV disease or at
least two additional risk factors to systolic BP targets of
either less than 120 mmHg or less than 140 mmHg. After a
mean follow-up of 4.7 years, there was no significant differ-
ence in the annual rate of the primary endpoint (composite of
nonfatal Ml, nonfatal stroke, or death from CV causes; hazard
ratio 0.88, 95% Cl 0.73-1.06). However, patients randomized
to a goal BP of less than 120 mmHg showed a significantly
lower annual rate of stroke (0.32 versus 0.53 percent/year,
hazard ratio 0.59, 95% Cl 0.39-0.89), with 89 patients that
needed to be treated to prevent one stroke in five years.

Observations from aggregate analyses. Both the Blood
Pressure Lowering Treatment Trialists’ Collaboration (BPLTTC)
[26,27] and Staessen et al. [4] have reported, through meta-
regression analyses of intervention trials, an association
between systolic BP reduction and the reduced risk of total
CV events. In meta-regression analyses, we also confirmed
the relationship between the degree of BP reduction
and the protection from stroke and congestive HF, whereas
the protection from MI did not increase appreciably with a
more aggressive BP control [5,28,29]. In particular, the risk
of congestive HF decreased by 24% for each 5 mmHg reduc-
tion in systolic BP [5].

More recently, we conducted a meta-analysis of trials
including 221,024 patients that compared different BP-
lowering agents with placebo or active treatments in patients
with hypertension or composite features of high CV risk. The
outcome measure was a composite cardiovascular endpoint
(CCEP) including MI, stroke, CV death and congestive HF. In a
multivariable meta-regression analysis, for each 5-mmHg
reduction in systolic BP, there was 13% less risk of CCEP
(95% Cl: 8-19, p=0.001) and, for each 2-mmHg reduction
in diastolic BP, there was 12% less risk of CCEP (95% Cl: 7-16,
p =0.001).

Notably, such associations were linear and not J-shaped
[30]. The lack of any evidence for the J-curve phenomenon in

the context of meta-regression analyses is particularly
important. Indeed, any potential confounder or residual risk
factor tends to be equally distributed by randomization
between the treatment groups and is therefore unlikely to
bias the results, as may occur, for example, in analyses based
solely on different levels of achieved BP.

Goal blood pressure: recommendations in clinical
practice

The standard goal of antihypertensive therapy [31,32]
(i.e., less than 140/90 mmHg) is well established and should
be maintained. However, we should not ignore the fact that
(a) most patients with high vascular risk due to CAD, stroke or
diabetes continue to have poorly controlled BP; (b) this
situation has not changed over the past 15 years. The optimal
BP target in these patients remains undefined. Lower BP
values have been associated with a lower risk of both stroke
and cardiac complications.

However, the fear that an excessive reduction of diastolic
BP may be dangerous (the J-curve phenomenon) is incon-
sistent with our analysis and probably conditioned by the
adverse impact of other risk factors that may be more frequent
in patients with low values of achieved BP. Consequently, a
reasonable BP target to be achieved in patients with CAD
appears to be in the range of 130—140/80—90 mmHg. Any
further reduction may be safe but is perhaps not productive
from a prognostic standpoint. It is of the utmost importance
that BP be lowered slowly in patients with occlusive CAD.
Particular caution is needed in these patients to detect
early signs or symptoms of ischemia when treated diastolic
BP falls below 60 mm Hg.

Given the many unanswered questions in this area, out-
come-based studies specifically designed to compare differ-
ent BP goals in their prognostic impacts in patients with CAD
or other high-risk conditions are very much needed.
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