Figure 1. Sites of action
of ACE inhibition and
AT 1-receptor blockade in
the renin-angiotensin
system.?!

ACE = angiotensin-
converting enzyme;
ACEi = angiotensin-
converting enzyme
inhibitor;

AT = angiotensin Il;

BK = bradykinin;

NO = nitric oxide.

The renin-angiotensin system and end-organ
damage

There is unequivocal evidence that reducing
blood pressure - especially systolic blood pres-
sure —~ reduces total mortality, cardiovascular
mortality, stroke, and heart-failure events.’5-"
The evidence is less clear, however, in relation
to the precise benefits for end-organ damage.
“We know that hypertension causes end-organ
damage, and that there is a consistent
relationship between blood pressure, stroke,
cardiovascular disease, and renal failure,”
Dr Kario explains. "However, reducing blood
pressure does not appear to reduce end-organ
damage to the same degree, which suggests
that blood pressure may not be the only factor
involved.” ~

The renin-angiotensin system (RAS) has long
been implicated in the pathogenesis of a wide
variety of diseases affecting the heart, vascular
system, and kidneys,'8'? In the heart, the most
important effector peptide of the RAS -
angiotensin Il — is a key mediator of left-
ventricular hypertrophy, which is a common
consequence of persistent hypertension?® and
dramatically increases the risk of cardio-
vascular events in patients with essential
hypertension.?!

In the kidneys, in concert with inflammatory
mediators and growth factors, angiotensin |
acts to produce an increase in vascular tone
and proliferative changes, oxidative stress, and
prothrombotic effects that may accelerate renal
failure.®

. According to Dr Kario, if optimal end-organ

protection is to be achieved in patients with
hypertension, interventions are required that

block angiotensin Il activity, while at the same
time effectively lowering blood pressure. “in my
mind, we need to take a 2-pronged approach
to managing patients with hypertension. We
need to lower blood pressure by decreasing
systemic vascular resistance, and we need to
suppress local RAS activity in order to achieve
maximal end-organ protection.”

The cardiovascular risks in the morning are
various, and they are closely associated with
each other. In addition, the RAS is activated in
the morning and may contribute to the morning
blood pressure surge and morning increase in
cardiovascular risk. Recently, it has been
demonstrated that, in addition to circulating
factors, the tissue RAAS of the cardiovascular
system also exhibits diurnal variation, possibly
in relation to a clock gene.2224 In addition to the
reduction in the morning blood pressure level,
the morning activation of the tissue RAAS
might be effectively suppressed, leading to
more effective protection against hypertensive
target-organ damage and cardiovascular
events in hypertensive patients.

Reducing cardiovascular risk and end-organ
damage

Two classes of drugs that target the RAS act at
the level of angiotensin Hl blockade:angiotensin-
converting enzyme (ACE) inhibitors and
angiotensin |l receptor blockers (ARBs). ACE
inhibitors reduce physiological levels of circu-
lating angiotensin Il by preventing its formation
from the precursor (angiotensin [), whereas
ARBs act specifically at the level of the type 1
angiotensin Il (AT1) receptor to block the action
of angiotensin Il (Figure 1).25.26
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Figure 2. The vascular and blood pressure (BF) component of The PROTECTION programme is made up of

5 trials designed to provide further evidence for the antihypertensive efficacy of telmisartan on the early morning
BP surge in at-risk patients, such as obese diabetics and elderly patients with predominantly systolic hyper-
tension. ™ This component of The PROTECTION programme will also provide further data on the comparative
efficacy of telmisartan and other widely used antihypertensive treatments, including a calcium channel blocker
(amlodipine), an angiotensin-converting enzyme inhibitor {ramipril), losartan, and valsartan. Efficacy will be
assessed using ambulatory BP monitoring, which allows for 24-hour monitoring of BP and has been found to
provide a better correlation with the development of left ventricular hypertrophy and with the risk of target-organ

damage resulting from hypertension.?7.2

Both ACE inhibitors and ARBs have proven to
be highly successful therapies for the control
of hypertension.?®® |n addition, there is good
evidence that ACE Inhibitors reduce the risk of
cardiovascular disease in high-risk patients,
resulting in increased survival and prevention of
myocardial infarction (Ml), strokes, heart failure,
and nephropathy. Recent data also suggest that
ACE inhibitors may also prevent diabetes melli-
tus.®* These benefits suggest that interrupting
the RAS with ACE inhibitors has a widespread
vasculoprotective effect, providing that blood
pressure is also adequately controlled.®

Evidence that RAS blockade by ARBs also
improves long-term clinical outcomes in
patients with cardiovascular disease has also
begun to emerge.®* It is becoming increasing-
ly apparent that the cardio- and renoprotective
effects associated with ARBs in at-risk patients
result from benefits beyond their blood-pres-
sure-lowering capabilities.® More specifically:
studies conducted in patients with type 2 dia-
betes have demonstrated that ARBs can delay
the progression to overt diabetic nephropathy
and ESRD independently of any effect on blood
pressure.®-* ARBs have also been shown to
reduce left-ventricular mass,¥+? fatal and non-
fatal stroke and ML In addition, ARBs have

been shown to reduce new-onset diabetes,43-4
“There is every indication to suggest that ARBs
may offer significant benefits in terms of end-
organ protection,” says Dr Kario. “Ongoing
studies investigating the long-term protective
effects of these treatments on morbidity and
mortality in patients with hypertension, heart
failure, type 2 diabetes, MI, and other vascular
disease should yleld confirmation of this
hypothesis over the next few years,”

It is well accepted that therapies directed at the
RAS (ACE inhibitors, ARBs) have been associ-
ated with a reduction in cardiovascular
morbidity and mortality. It has been suggested
that combining ACE inhibitors and ARBs would
provide even further benefit, beyond that of
either agent alone. Some studies in patients
with heart failure have indeed shown benefit
with a combination treatment.*- However, no
beneficial effects were found in patients with
M.

In patients with diabetic nephropathy,551 dual
blockade of the RAS was shown to provide
superior effects compared with monotherapy.
Although the results are promising, “long-term
trials are needed to further establish the role of
dual blockade of the RAS in renal and cardio-
vascular protection,” explained Dr Kario.

“Thereis every
indication to suggest
that ARBs may offer
significant benefits
in terms of end-

organ protection”
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End-organ protection: ongoing research

The increasingly compelling evidence that
ARBs may improve the prognosis of patients
with cardiovascular risk factors has led to the
initiation of several major international research
programmes. One of the largest ongoing
programmes consists of phase IV studies
investigating the effects of the ARB telmisartan
on end-organ disease. Telmisartan has clinically
proven antihypertensive activity that is sus-
tained over the 24-hour dosing interval, and the
PROTECTION (Program of Research tO show
Telmisartan End-organ proteCTION) programme
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has been designed to assess the benefits of the
drug in patients at high risk of renal, cardiac,
and vascular damage (Figure 2).'®

The PROTECTION programme, which will
involve more than 6,500 patients in more than
30 countries, uses gold-standard techniques
for assessing blood pressure (i.e. ABPM), From
all the studies in the PROTECTION programme,
5 studies will evaluate the effects of telmisartan
on early morning blood pressure control, Three
of them will examine the effects of a fixed-dose
combination of telmisartan and the diuretic
hydrochlorothiazide in patients with mild-to-
moderate hypertension and in hard to treat, at
risk populations such as patients with diabetes,
obesity, and elderly with isolated systolic
hypertension.

“The PROTECTION programme has been
designed to identify and characterize the ben-
efits of telmisartan on end-organ disease in
many different types of patients,” says Dr Kario.
“It is a hugely ambitious programme but we
hope that over the next 2-3 years it will help us
to answer some key questions about the end-
organ-protective effects of the ARBs in general,
and of telmisartan in particular.

“We are now conducting a comparison study,
Japan Morning Surge - Telmisartan vs
Valsartan Comparison (J-TELMI) Study, using
telmisartan and valsartan, which evaluates the
difference In the blood-pressure-lowering effect
of these drugs on morning blood pressure,
insulin resistance, and target-organ damage
(left-ventricular hypertrophy and microalbumin
excretion) in Japanese patients with hyperten-
sion. There are significant racial differences in
the demographics of cardiovascular disease.
Coronary artery disease is much less common
in Japan, but stroke is more common in
Japanese people than in Westerners. A high-
salt diet is popular in Japan. This may partly
explain the higher incidence of stroke in other
populations whose diet is also high in salt. The
high-salt intake with the Japanese diet5? may
augment the difference in the effectiveness of
different ARBs on morning surge in blood pres-
sure and tissue RAS activity.” <«

RENIN-ANGIOTENSIN SYSTEM

IN CARDIOVASCULAR MEDICINE



American Heart Association Scientific
Sessions 2004 Brain and Heart

7-10 November 2004, Ernest N Morial Convention, New QOrleans, LA, USA

Joji Ishikawa and Kozuomi Kario®

icki Medical School, Tochigi, Division of Candiovascular Medicine, Department of Medicine, 3311-1, Ykushiji
Minamikawachi-cho, Kawachi, Tochigi 329-0431, Japan; Tel.: +81 285 587 344; Fax: +81 285 445 317;

kkario@jichi.acjp
Expert Rev. Cardiovase. Ther. 3(1), 11-14 (2005)

Interactions between the brain and the
heart are important in maintaining
human health. However, the management
and sk modification of cerebrovascular
disease in relation to cardiovascular disease
has been unclear, Left ventricular dysfunc-
tion and atrial fibrillation (AF) increase
the risk of cardiogenic stroke, and patients
with myocardial infarction (MI) are at risk
of developing these conditions.

In addition, atherosclerosis plays a key
role in both cardiovascular events and
ischemic stroke, which share similar risk
factors. On the other hand, there are
some differences in the impact of these
risk factors. Pathophysiologic differences
in the incidence of cardiovascular and
cerebrovascular events remain unclear

In this meeting there were a number of
presentations relating to the risk factors
for stroke, including genetic and inflam-
matory factors. This article is a brief
review of these presentations.

Overall & sex-specific frends,

& prognosis of ischemic shroke following
incident atrial fibrillation: data spanning
fwo decades (1980-2000) (1)

The authors of this presentation followed

the residents of Olmsted County; MN,

USA, for 20 years. Of the 4618 subjects
who had AF, 10.8% had a first ischemic
stroke during the mean follow-up period
of 5.5 years. Cumulative incidence of first
stroke was 9.7 and 17.3% at 5 and
10 years, respectively. The use of antico-
agulation during the first year after AF
rose comparably over time (10 to 30%).

The risk of ischemic stroke decreased by
approximately 3.4% per year over
20 years. The occurrence of post-AF
ischemic stroke was associated with signif-
icandy increased mortality risk (hazard
ratio: 2.60).

Comments
Following the Atrial Fibrillation Follow-up

Investigation of Rhythm Management .

(AFFIRM) study (2, the importance: of
anticoagulation drug use afrer AF was
well known among clinical physicians.
This report may show that this knowl-
edge has led to an increase in the use of
anticoagulants and the reduction of
ischemic stroke. Ischemic stroke post-AF
is still associated with a high risk of mor-
taliy. This study encourages anticoagula-
tion drug use after AE However, the
change in adverse effects due to
anti_coagulation therapy over time was
not clear in this study. Recendy,
thrombin inhibitors have been reported
to decrease the risk of ischemic’ stroke
after AF and reduce adverse effects such
as intracerebral bleeding (3. The poten-
tial of thrombin inhibitors may add a
new feature to stroke prevention after AF
in the next 10 years.

Combined carotid
endarterectomy/coronary arlery
bypass: is it efflective at reducing
perioperative stroke? (4)

Extracranial internal carotid artery disease
is a nisk factor for perioperative stroke in
patients undergoing coronary  artery

Meeting Report

bypass (CAB). Durand and colleagues
reported that carotid stenosis was not
associated with an increased perioperative
stroke rate in CAB patients and that com-
bined  CAB/carotid  endarterectomy
(CEA) did not reduce stroke rates. They
concluded that the heightened risk associ-
ated with carotid disease in CAB patients
might be largely artributable to a subset of
high-risk patients with carotid occlusion.

Commenis

The authors suggested in this presentation
that combined CAB/CEA is only benefi-
cial in patients with carotid occlusion.
Therefore, preoperative evaluation of the
carotid artery is important. In this study
the evaluation of the carotid artery was
performed using peak systolic velocities
obtained by color-flow Doppler. The dif-
ference in results that may relate o the
degree of stenosis derived from diameter,
a common measure of carotid stenosis,
was unclear, '

The management of patients with
bilateral stenoses and symptomatic ipsi-
lateral carotid stenosis remains problem-
atic, Until these problems are resolved,
combined CAB/CEA therapy can be
recommended for high-risk patients with
ipsilateral carotid occlusion.

Intensive & moderate lipid-lowering
strategies with stalins are associated
with a similar risk of cerebrovascular

- events in patients with acule

coronary syndromes (5)
Treatment with statins has been shown

. to reduce the incidence of cerebrovascu-

lar diseases [6], although some epidemio-
logic studies have shown that high
plasma total cholesterol or low-density
lipoprotein (LDL) levels are not risk fac-
tors for stroke. Mega and colleagues
reported here that intensive lipid lower-
ing (atorvastatin 80 mg/day) does not
reduce stroke rates, compared with mod-
erate  lipid lowering  (pravastatin
40 mg/day). This result differs from
those that found that cardiovascular

events were reduced by intensive starin

10.1586/14779072.3.1.11
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therapy (7). In this study, mean 30-day
C-reactive protein (CRP) levels tended to
be higher in patients who developed cere-
brovascular events in both groups.
Patients who had a stroke while on
pravastatin had consistently higher LDL
levels than those patients who had a
stoke while on atorvastatin. These data
suggest that statins have pleiotropic
effects that reduce cerebrovascular events,
and that CRP level may be a predictor of

stroke risk in patients taking statins.

Comments

Benefit from intensive statin therapy
was seen not in cerebrovascular disease
patients, although it was seen in those
with cardiovascular disease. What is the
mechanism that caused this difference?
The pleiotropic effects of statins may be
a key to solving the pathogenesis of
~ cerebrovascular events.

In this study, patients were enrolled
from the PRavastatin Or atorVastatin
Evaluation and Infection Therapy —
Thrombolysis In Myocardial Infarction
(PROVE IT-TIMI) trial and all of
them had acute coronary syndromes.
Patients with acute coronary syndrome
might have altered left ventricular func-
tion, possibly increasing their risk of
thromboembolic stroke.

Lipoprotein-associated phospholipase
A,, high-sensilive C-reactive pro}ein, &
risk for ischemic stroke in middle-aged
men & women in the ARIC study (8)

CRP as measure of inflammatory markers,
is reported to identify individuals at
increased risk of stroke. Lipoprotein-
associated phospholipase A, (Lp-PLA,),
a proinflammatory enzyme, is secreted
by macrophages.

Ballantyne and colleagues presented
prospective data from 127,373 appar-
ently healthy middle-aged men and
women (the Atherosclerosis Risk In
Communities [ARIC] study). Lp-PLA,
was associated with a 1.84-times higher
risk of stroke in the highest tertile of
Lp-PLA, individuals, after adjustment
for confounding factors including LDL
and high-density lipoprotein (HDL)
levels. Moreover, individuals with the

highest tertile of Lp-PLA, and high

CRP (>3 mg/l) had a 10.88-times
higher risk of ischemic stroke than
individuals with low levels of both.

Comments

This study demonstrated that Lp-PLA, has
an additive effect with CRP in the inci-
dence of ischemic stroke. It was also
reported that there was a significant inter-
action between CRP and Lp-PLA,. What
is the difference between these two risk fac-
tors in the pathogenesis of stroke? Why did
Lp-PLA, have an additive effect with CRP
on srisk? In whom should Lp-PLA, be

measured? The answers to these questions

should be the subject of further research.

Elevated homocysieine level is
independently associated with the
progression of aorlic arch atheroma ()
Aortic arch atheroma, visible on trans-
esophageal echocardiography, is a risk
factor for stroke. Varanasi and colleagues
followed 207 patients with stroke or
transient ischemic attack for 12 months.
Those patierits with elevated homo-
cysteine levels experienced a greater
change in arch thickness.

Commenls .

High homocysteine levels are reported to
be a risk factor for developing aortic arch
atheroma. in patients with a history of
stroke/transient ischemic attack. This study
showed the possibility that homocysteine-
lowering therapies, such as vitamin B and
folic acid, can modify the natural history of
stroke patients; however, the mechanism of
the progression of atherosclerosis wich
elevated homocysteine levels is unclear.

Cognifive deficit following cardiac
surgery is not a function of perioperative
cerebral ischemia (10)

Neurocognitive dysfunction is a critical
complication after cardiac surgery. While
stroke s rare, over 50% of patents suffer
from neurocognidve dysfunction. Cook
and colleagues performed diffusion-
weighted image magnetic resonance imag-
ing (DW-MRI) 3 to 7 days postoperatively
and compared cognitive function before
and after suwrgery. In this study, 24% of
patients showed acute ischemic findings
on DW-MRI; however, neurocognitive

testing before discharge showed a cognitive
decline in 96% of patients tested. Farly
deficits occurred in patients with or with-
out ischemic change. Cognitive dysfunc-
tion persisted in 24% of patients at
30 days postoperatively, while none of
these patients had perioperative ischemic

stroke on DW-MRI,

Comments

Neurocognitive dysfunction following
cardiac surgery was found not to be due to
perioperative cerebral ischemia in this
study. It showed that prediction of cerebral
ischemia does not reduce neurocognitive
dysfunction. If so, what caused cognitive
dysfuncton postoperatively? Anemia can
cause cognitive deficit [11}, and this was not
evaluated in the study. The mechanisms of
cognitive deficit are not yet known, and
further evaluation is needed to understand
and prevent cognitive dysfunction.

Idenfification of genetic risk factors

for atherosclerosis & drug response
markers using clinical trials of the
cholesterol-lowering drug, pravastatin (12)
Paroxonase (PON)1, an enzyme that
resides on circulating lipoprotein particles,
has been implicated in atherosclerosis in
previous studies. Ronade and colleagues
reported in this study that a Glu/Arg single
nucleotide polymorphism at residue 192
that affects the ability of PONI1-bearing
HDL particles to protect LDL from oxida-
don invitro was significantly associated
with stroke. Gln/Arg heterozygotes were at
a 2.7-times greater nsk, and Arg/Arg
homozygotes were at a 2.4-times greater
risk than Gln/Gln homozygotes. The
attributable fraction was approximately

40% in this cohort of high-risk Caucasians.

Commenis

Incidence of cerebrovascular disease is
reported to be decreased by statin use,
although LDL level has not been found to
be a risk factor for stroke in epidemiologic
studies. It was thought that this effect was
derived from the pleiotropic effects of stat-
ins. Ronade and colleagues report on the
genetic differences in PON1 and demon-
strate the possibility that this could be the
cause of the pleiotropic effect of statins.
Could genetic difference cause this effect?

12
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Caucasians ~ experience  cardiovascular
events more frequently than cerebro-
vascular events. Is there any difference in
the genetic effects on cardiovascular and
cerebrovascular events? A population-based
study is needed to answer these questions.

C-reaclive protein as a risk factor for
mulfiple silent cerebral infarcts in
Japanese hyperiensive subjecls (13)
High-sensitive (hs)CRE, 2 marker of
inflammation, has been reported to be a
risk factor for stroke in western countries.
The general population of Japan is
reported to have a tenth of the level of
hsCRP compared with that found in west-
ern populations. Ishikawa and colleagues
in the Jichi Medical School Ambulatory
Blood Pressure Monitoring (ABPM)
Study, Wave 1 (principal investigator:
Kazuomi Kario) reported that such low
levels of hsCRP could be a risk factor for
multiple silent cerebral infarctions [14,15].
Silent cerebral infarcts are recognized as
strong predictors of future stroke (16) and
psychocognitive dysfunction (17). These
results strongly suggest that hsCRP is risk
factor for stroke and dementia even at the
low level seen in the Japanese population.
Data was also presented for Japa-
nese—American men, who had hsCRP lev-
els between those of native Japanese and
western general populations (18).

Comments

Is the risk associated with hsCRP different
for cardiovascular and cerebrovascular
events? Which is more important, genet-
ics or lifestyle? The answers to these
questions cannot be concluded from this
study. However, these data may be sug-
gestive that further evaluation is needed
in a prospective study.
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Proinflammatory genelic

profiles in subjecls with history of
ischemic shoke (19)

It has been reported that inflammation is
related to the pathogenesis of athero-
sclerosis and progression to ischemic
stroke. Flex and colleagues measured poly-
morphisms in the CRD interleukin-6,
macrophage migration inhibitory factor 1,
monocyte  chemoattractant  protein
(MCP)-1, intercellular adhesion molecule
(ICAM)-1, E-selectin and matrix metallo-
proteinase (MMP)-3 genes in 237 individ-
uals with a history of ischemic stroke and
223 age- and sex-matched controls.
MCP-1, ICAM-1, E-selectin and MMP-3
gene polymorphisms were significantly
and independently associated with stroke
history, with adjusted odds ratios of 6.7,
4.9, 11.5 and 2.1, respectively.

Commenis

In this study, proinflammatory genetic
polymorphisms were significanty more
common in patients with a history of
stroke. This report shows the possibilicy
of using proinflammatory genes as mark-
ers of stroke events. The effects of gene
polymorphisms on the pathogenesis of
stroke events remain unclear. In order o
confirm whether the effect of poly-
morphisms in proinflammatory marker
genes goes beyond the levels of these
markers, further prognostic evaluation
is needed.

Modifiable risk factors for stroke in

“high-risk patients following acufe

myocardial infarction: insight from the
VALIANT study (20)

Patients with a history of MI have
increased risk for stroke because of
complicated left ventricular function.

of rate control and rhythm control in
patients with atrial fibrillation. N. Eng/.
J. Med, 347, 1825-1833 (2002).

3 Olsson SB and the Executive Steering
Committee on behalf of the SPORTIF
111 Investigators. Stroke prevention with
the oral direct thrombin inhibiror
ximelagatran compared with warfarin in
patients with nonvalvular atrial
fibrillacion (SPORTIF III): randomized
controlled trial. Lancet 362, 1691-1698
(2003).

Sampson and colleagues reported from
the large VALsartan In Acute myocar-
dial ilNfarction Trial (VALIANT) data-
base that diastolic blood pressure levels
above 90 mmHg, history of stroke or
ischemic attacks, AF following MI,
black race and age were strong predic-
tors for stroke after adjustment for
confounding factors.

Comments

Patients who suffer MI are at risk of
left ventricular dysfunction and the
occurrence of cardiogenic stroke. In
this study, modifiable risk factors for
stroke after MI were diastolic blood
pressure and AF and this shows the
importance of the control of the usual
risk factors, even after MI has
occurred. However, the differences in
stroke risk in atherosclerotic and
cardiogenic events were not evaluated
in this study.

Summary i

The brain and heart work together. In
the management of patients with heart
disease, the consideration and preven-
tion of cerebrovascular disease is
important. In order to care for the
brain and heart, the similarities and
differences between cardiovascular and
cerebrovascular events require clarifica-
tion. Racial differences, gene polymor-
phisms and differences in the effects of
statins may be a clue to solving this
problemn. In this session, new markers
of lipid metabolism, such as LP-PLA,
and PON1 were reported. These mark-
ers are promising; however;, further
evaluation is needed before these mark-
ers will be of use in the clinical setting,
due to a lack of evidence.
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