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“Stroke is the third leading cause of death in the general
population after coronary heart disease and cancer ... Among
modifiable traditional cardiovascular risk factors, hypertension is
the leading cause of stroke and its treatment reduces morbidity
and mortality from stroke by approximately 38%.”

Stroke is the third leading cause of death
in the general population after coronary
heart disease (CHD) and cancer and it
is also the first leading cause of disability
in adults [1]. Approximately 550,000 new
patients eventually develop stroke every
year [1]. From 1950, the stroke mortality
rate has shown a clear trend to decrease
in the USA (although a slight upturn in
the stroke mortality rate has been observed
since 1990 [1]).

The reduction in mortality from stroke
may be due to the decreased incidence of
stroke overall and/or an improved sur-
vival after the first stroke occurrence. The
declining incidence of stroke supports the
hypothesis that aggressive management
of cardiovascular (CV) risk factors is
effective for its prevention [2,3]. Among
modifiable traditional CV risk factors,
hypertension is the leading cause of stroke
and its treatment reduces morbidity and
mortality from stroke by approximately
38% [4.5].

Blood pressure reduction

& protection from stroke

A small reduction in blood pressure (BP)
results in a substantial reduction in both
ischemic and hemorrhagic strokes [4]. In
a recent metaregression analysis of 28
major trials in hypertensive or high-risk
patients [6], BP-lowering was the major
determinant in stroke prevention. A mean
BP fall of 10 mmHg was associated with
a decrease of approximately 25% in the
incidence of stroke.

It is generally believed that any of the
commonly used antihypertensive drugs
are effective in lowering the incidence
of stroke, with larger reductions in BP
resulting in larger risk reductions [2,3].

Renin-angiotensin system & stroke
Experimental evidence has linked the
renin—angiotensin system (RAS) to the
development and progression of cerebro-
vascular disease, and experimental data
suggest that blockade of RAS could
exert a specific cerebrovascular pro-
tective effect. Angiotensin-converting
enzyme inhibitors (ACEIs) and angi-
otensin receptor blockers (ARBs) may
delay the development of atherosclero-
sis and increase plaque stability. ACEIs
may shift the fibrinolytic balance from
coagulation to lysis by reducing the
angiotensin II-dependent production
and secretion of plasminogen activator/
inhibitor [7-9]. There is also evidence
that the neurological outcome following
induction of cerebral ischemia in rats is
improved by intracerebral administration
of low doses of irbesartan, and that such
an effect is prevented by the coadminis-
tration of an ARB [10,11]. In rats injured by
cerebral artery occlusion and pretreated
with candesartan or ramipril at subhypo-
tensive doses, the infarct size was reduced
by ARBs, and not by ACEISs [12]. In addi-
tion, the neurological damage induced by
cerebral ischemia, as well as the reduction
in blood flow around the necrotic area,
was more severe in angiotensin (AT),
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receptor-deleted mice than in control mice (13]. Thus, experi-
mental studies support the hypothesis that ARBs are more stroke
protective than ACEIs.

Angiotensin receptor blockers & stroke

In hypertensive patients with left ventricular hypertrophy
included in the Losartan Intervention for End Point Reduction
in Hypertension (LIFE) study, a therapeutic strategy based on
losartan [14] was more effective than a strategy based on atenolol
for prevention of stroke. However, it could be argued that the
difference in stroke rate between the two groups was accounted
for, at least in part, by the slightly lower (by 2.2 mmHg) BP in
the losartan group than in the atenolol group during follow-up.

“..the blockade of angiotensin | receptors seems to
be slightly superior in the protection of stroke
when compared with angiotensin-converting

enzyme inhibition.”

As far as the secondary prevention of stroke is concerned, the
Perindopril Protection Against Recurrent Stroke Study (PROGRESS)
trial compared the effect of an active treatment (based on ACEI with
or without the combination of a diuretic) versus placebo [15]. Overall,
the results confirmed the central role of BP reduction for stroke pre-
vention: systolic BP fell by 5 and 12 mmHg in the perindopril and
perindopril plus indapamide strata, respectively, but the reduction
in the risk of stroke was significant only in the latter group.

The Morbidity and Mortality after Stroke, Eprosartan Compared
with Nitrendipine for Secondary Prevention (MOSES) study con-
ducted in hypertensive patients, who experienced previous stroke,
showed a superiority of eprosartan over nitrendipine for preven-
tion of composite end point of cerebrovascular and cardiovascular
events plus noncardiovascular death [16]. However, the incidence
of first-occurring cerebrovascular events did not differ between
the two groups (p = 0.32). Notably, systolic BP was reduced from
150.7 to 137.5 mmHg in the eprosartan arm, and from 152.0 to
136.0 mmHg with the nitrendipine-based regimen (a reduction
of approximately 2.9 mmHg in favor of eprosartan).

The Jikei Heart Study (Valsartan in a Japanese population
with hypertension and other cardiovascular disease) showed that
the addition of an ARB to conventional CV treatment in Asian
patients with CV disease was associated with a significant reduc-
tion in stroke or transient ischemic attacks despite comparable
BP-lowering effects in the two arms [17].

Are angiotensin receptor blockers better than ACEls?
The recent publication of the results of the Ongoing Telmisartan
Alone and in Combination with Ramipril Global Endpoint Trial
(ONTARGET), a large trial consisting of patients with high CV
risk with or without hypertension randomized to an ARB (telmisar-
tan) or an ACEI (ramipril) (18], prompted us to plan a systematic
overview of all the outcome trials of both classes of drugs [19].
According to preplanned selection criteria, we selected six tri-
als with a total of 31,632 patients randomized to ARBs and
18,292 patients randomized to ACElIs. Patients enrolled in these

trials showed a generally high prevalence of congestive heart
failure (CHF), previous myocardial infarction (MI) and/or other
conditions defining an increased CV risk.

The odds ratios and 95% confidence intervals for stroke, MI,
CV mortality and total mortality were computed for each trial
according to fixed- and random-effect models. Preplanned sub-
group analyses were also performed, including the comparison of
ARBs versus ACElIs as well as ARBs plus ACEIs versus ACEls.

In the ARB group, there were 2857 MI events, 1273 strokes,
3534 CV deaths and 4776 all-cause deaths. The corresponding
number of events for the ACEI group were 1628, 768, 2622 and
2707, respectively. In the overall pooled estimate, the risk of stroke
was 8% lower with ARBs than with ACEIs (odds ratio: 0.92;
95% confidence interval: 0.85-0.99, both in a fixed-effect and a
random-effect model; p = 0.036) (Taete 1). In a preplanned separate
subgroup analysis of ARBs versus ACEIs and ARBs plus ACEIs
versus ACEIs, the lesser stroke risk with ARBs did not achieve
statistical significance, although the subgroup estimates were
consistent and without significance between group heterogeneity
(p = 0.714) (Tase1). No statistical differences in the prevention of
MI, CV mortality and all-cause mortality were observed between
patients randomized to ARBs, ACEIs or ARBs plus ACEIs.

It is interesting to remark that the overall estimate for the
risk of MI between ARBs and ACE—Is was not dissimilar from
unity, the odds ratio being 1.01, with the 95% confidence interval
being 0.95-1.07 for both the fixed- and random-effect models
(p = 0.747). These results put at rest the hypothesis that ARBs
could be associated with an excess risk of MI [20].

Overall, these findings indicate that ARBs and ACEIs provide a
comparable protective effect on MI, fatal CV events and all-cause
mortality. However, the blockade of AT | receptors resulted in a
slightly superior protection from stroke when compared with ACE
inhibition [19].

Conclusion

Treatment of hypertension effectively reduces the risk of fatal and
nonfatal stroke. Available data support the concept that BP reduc-
tion is the leading mechanism for protection from stroke, and that
all available antihypertensive drugs are suitable to reach this goal.
New evidence suggests that, where the blockade of RAS may be
recommended, such as in patients with established CHF or who
have experienced prior CV events, a treatment based on ARBs,
alone or combined with ACEIs, is slightly more effective than a
treatment based on ACEIs alone. This favors the use of ARBs
over ACEIs when the risk of stroke is expected to be predominant,
such as in patients with a history of cerebrovascular events [21] or
in patients of Asian ethnicity [22].
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Table 1. Comparison between angiotensin receptor blockers and angiotensin-converting enzyme

inhibitors on the risk of stroke.

ELITE 1.14 (0.31-6.33)
ELITE-II 1.64 (0.77-3.45)
OPTIMAAL 1.06 (0.83-1.35)
DETAIL 1.09 (0.34-3.47)
VALIANT/valsartan 0.85 (0.69-1.04)
ONTARGET/telmisartan 0.91 (0.79-1.05)

0.93 (0.84-1.03)
0.93 (0.84-1.03)

* Fixed effect model (2= 0.0%; p = 0.478)

Vv

e Random effect model

VALIANT/valsartan + captopril 0.87 (0.71-1.06)
— 0.93 (0.80-1.09)
0.91 (0.81-1.02)
0.91 (0.81-1.02)

ONTARGET/telmisartan + ramipril
* Fixed effect model (I2=0.0%; p = 0.602)

A

A

e Random effect model
o Fixed effect model (1= 0.0%; p = 0.670) 0.92 (0.85-0.99)

e Random effect model 0.92 (0.85-0.99)

e

T T
0.5 2
Favors 1st listed Favors 2nd listed

Heterogeneity between groups: p = 0.714.

ACEI: Angiotensin-converting enzyme inhibitor; ARB: Angiotensin receptor blocker; Cl: Confidence interval; DETAIL: Diabetics Exposed to Telmisartan and Enalapril;
ELITE: Evaluation of Losartan in the Elderly; ONTARGET: Ongoing Telmisartan Alone and in Combination With Ramipril Global Endpoint Trial; OPTIMAAL: Optimal
Therapy in Myocardial Infarction with the All Antagonist Losartan; OR: Odds ratio; VALIANT: Valsartan in Acute Myocardial Infarction Trial.

Adapted from [19].
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