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Endothelial dysfunction is a major determinant
of atherosclerosis and a negative prognostic fac-
tor in patients with coronary artery disease and
hypertension. Recovery of endothelial dysfunction
has been associated with improved prognosis in
these patients. The aim of the present study was
to verify whether antagonism of angiotensin II
AT1 receptors with an angiotensin receptor
blocker, candesartan, improved endothelial func-
tion in patients with hypertension, stable coro-
nary artery disease, and endothelial dysfunction.
We studied 26 patients who were receiving b-
blockers with optimal blood pressure control, in
a randomized, double blind study. Patients were
randomized to placebo (n=13) or to candesartan
16 mg ⁄ d (n=13) for 2 months. Endothelial func-
tion was assessed by ultrasound using hyperemic

flow-mediated dilation of the brachial artery.
Mean arterial blood pressure was unchanged in
both groups (from 93.3�9.2 to 93.2�17.3 mm
Hg in the candesartan group and from
101.3�14.2 to 102.3�13.9 mm Hg in the pla-
cebo group; both P=ns). Maximal blood flow was
similar between placebo and candesartan groups
at baseline and at the end of the study, whereas
flow-mediated dilation significantly increased in
the candesartan group (from 5.27%�1.69% to
7.15%�2.67%; P=0.01) but remained unchanged
in the placebo group (from 4.49%�1.97% to
5.88%�2.30%; P=ns). AT1 receptor antagonism
with candesartan, in addition to b-blocker therapy,
improves endothelial function in high-risk hyper-
tensive patients. J Clin Hypertens (Greenwich).
2009;11:260–265. ª2009 Wiley Periodicals, Inc.

Endothelial dysfunction (ED) is a major deter-
minant of progression and destabilization of

atherosclerosis.1,2 It is common in subjects with
or at risk for ischemic heart disease, including
hypertensives, people with hypercholesterolemia,
smokers and diabetics.3–7 It represents a common
pathophysiological pathway through which major
cardiovascular risk factors promote atherosclero-
sis. In these categories of patients, ED, measured
at the coronary or peripheral level, represents
an independent prognostic indicator for the
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occurrence of adverse ischemic cerebrovascular
and cardiovascular events.3–7 Improvement of ED
has been reported to be associated with a more
favorable prognosis in hypertensive women8 and
in patients with acute coronary syndromes.9

Thus, ED is emerging as a possible relevant thera-
peutic target for pharmacologic treatment that
may play a role in influencing the choice of drugs
in high-risk patients.8,9

Angiotensin-converting enzyme inhibitors improve
endothelial function.10 More recently, this action
has also been reported for AT1 receptor antagonists
in different patient populations.11–14 No one study,
however, has thus far assessed the effects of AT1
receptor antagonism in high-risk patients with
hypertension and coronary artery disease (CAD)
with sustained ED despite conventional antiischemic
treatment and blood pressure control.

METHODS
Study Population and Design
This was a randomized, double-blinded, placebo-
controlled, phase III add-on study. To enter the
study, eligible patients had to fulfill the following
criteria: (1) angiographically documented CAD
defined as the presence of a coronary stenosis
�50% of the vessel diameter in at least one major
coronary artery; (2) no acute coronary syndromes
in the previous 3 months; (3) history of hyperten-
sion; (4) controlled blood pressure values (ie, sys-
tolic blood pressure <140 mm Hg and diastolic
blood pressure <90 mm Hg, measured according
to recommendations of the European Society of
Cardiology guidelines15) while on b-blocker ther-
apy; (5) no previous use of angiotensin-converting
enzyme inhibitors or AT1 receptor antagonists; and
(6) sustained endothelial dysfunction by brachial
hyperemic flow-mediated dilation (FMD), defined
as FMD <9% in 2 consecutive measurements
15 days apart.

The protocol was approved by the Institutional
Ethics Committee and each patient gave written
informed consent to participate.

FMD Assessment
FMD evaluation was carried out in the morning,
after an overnight fast, in a quiet room at a con-
stant temperature of 21�1�C, as previously
reported.16 All subjects abstained from smoking
and intake of caffeine-containing food or beverages
for at least 12 hours before the study. Endothelial
function in the form of FMD was measured
according to recent guidelines,16 by ultrasound,
using a 7.5 MHz linear-array transducer. Briefly,

FMD was assessed by measuring with ultrasound
unit electronic calipers, the change in brachial
artery diameter after 60 seconds of reactive hyper-
emia compared with baseline measurements after
deflation of a cuff placed around the forearm that
had been inflated to 50 mm Hg above systolic
blood pressure for 5 minutes. The response of the
vessel diameter to reactive hyperemia was expressed
as a percent change relative to the diameter imme-
diately before cuff inflation, at baseline and at end
of study protocol. In our laboratory, the intraob-
server variability for repeated measurements of rest-
ing arterial diameter is 0.01�0.02 mm.6 When
reactive hyperemia studies are performed on 2 dif-
ferent days, the between-occasion, within-patients
difference for measurement of FMD is 1.5%�
0.7%.6 FMD data obtained in the patient popula-
tion were compared to those of a historical refer-
ence population represented by 28 healthy subjects
without evidence of atherosclerotic disease previ-
ously reported from our laboratory.17

Statistical Analysis
Data are expressed as mean � standard deviation.
Comparisons among groups were performed by
univariate analysis of variance (ANOVA) test for
multiple comparisons. Comparisons between base-
line and 2-months values were performed by paired
Student t-test. A value of P<0.05 (two-sided) was
considered significant.

RESULTS
Of 32 consecutive patients screened, 28 demon-
strated persistent impairment of FMD at visit 2 and
were randomized to placebo (n=14) or candesartan
(n=14) in addition to b-blocker therapy which con-
sisted of atenolol in 15 (54%), carvedilol in 3
(11%), and metoprolol in 10 (35%) patients. As
reported in the Table, characteristics of the 2
groups were similar with regards to age, gender,
hemodynamic, and lipid parameters. One patient in
each group refused to continue the study; final
analysis therefore includes 26 patients.

Hemodynamic Effects of Therapy
Heart rate did not change in patients assigned to
placebo from randomization to end of study (from
64�7 to 65�7; P=ns) whereas it significantly
decreased in patients assigned to candesartan (from
64�9 to 58�4; P<0.01). Mean arterial blood pres-
sure did not change significantly in the placebo
group (from 101.3�14.2 mm Hg to 102.3�13.9
mm Hg; P=ns) and in the candesartan group (from
93.3�9.2 mm Hg to 93.2�17.3 mm Hg; P=ns).

VOL. 11 NO. 5 MAY 2009 THE JOURNAL OF CLINICAL HYPERTENSION 261



There was no correlation between change in blood
pressure between baseline and end of treatment and
change of FMD (R=0.154; P=0.452).

FMD Evaluation
Basal and hyperemic diameter of the brachial artery
at baseline and at end of study did not change in
both groups (basal: 4.59�0.9 vs. 4.48�0.71, P=ns,
and hyperemia: 4.82�0.89 vs. 4.80�0.74, P=ns,
for candesartan; basal: 5.04�0.71 vs. 5.02�0.25,
P=ns, and hyperemia: 5.26�0.7 vs. 5.31�0.66,
P=ns, for placebo). Similarly, no differences were
observed in basal and hyperemic flow from baseline
to end of study in both groups of patients (basal:
101.1�28 vs. 107.7�31.6, P=ns, and hyperemia:
360.2�87.9 vs. 373.8�62.5, P=ns, in the candesar-
tan group; basal: 105.2�23.7 vs. 101.8�20.6, P=ns
and hyperemia: 326.6�88.5 vs. 342.4�65.9, P=ns,
in the placebo group) (Figure 1). FMD at baseline
was significantly reduced (ANOVA P value
<0.0001) in both groups of patients compared to
controls (11.4%�3.4%; P<0.01 for both), but it
did not differ between candesartan and placebo
groups (Figure 2). After 2 months of therapy, FMD
significantly (ANOVA P value=0.025) increased in
the candesartan group (from 5.27%�1.69% to
7.15%�2.67%; P=0.01) but did not significantly
change in the placebo group (from 4.49�1.97 to
5.88�2.30; P=ns; Figure 2).

DISCUSSION
The findings of the present study demonstrated that
AT1 receptor antagonism with candesartan, at the
commonly employed dose of 16 mg ⁄d for 8 weeks,
improves endothelial function in hypertensive
patients with stable CAD and with sustained ED.

A relevant finding of the study was that cande-
sartan was administered in addition to standard
antiischemic therapy and in patients with well
controlled blood pressure values.

Previous Studies
To our knowledge this is the first study in which
the effects of an AT1 receptor antagonist on endo-
thelial function were assessed in a randomized,
double blind, placebo-controlled group of patients
affected by CAD and hypertension, with sustained
ED despite optimal blood pressure control. In addi-
tion, no previous randomized studies have utilized
hyperemic brachial FMD evaluation to assess endo-
thelial function. This currently represents a well
validated, non-invasive tool for endothelial function
testing in humans.18

Previous studies have reported a beneficial effect
of candesartan on endothelial function in different
patient populations, using different methodological
approaches. This drug was shown to improve endo-
thelial function, evaluated by venous occlusion
plethysmography, in normotensive hypercholesterol-
emic subjects.13 Ghiadoni et al.11 reported
improved endothelial function, evaluated by strain
gauge venous plethysmography, after chronic
administration of candesartan in patients with
essential hypertension and basal elevated blood
pressure. In that study angiotensin receptor blocker
treatment resulted in a significant reduction of
blood pressure compared to baseline levels. Using a
brachial hyperemic FMD, Isobe et al.12 also
reported in a nonrandomized trial, that candesartan
administration improved endothelial function in
hypertensive patients with elevated blood pressure.
Again, in that study treatment was associated with

Table. Demographic and Clinical Characteristics of Study Population

Total Candesartan Placebo P

Age 58�10 55�8 60�12 NS

Male 27 (96%) 13 (93%) 14 (100%) NS
Smoke 25 (89%) 13 (93%) 12 (86%) NS
Alcohol 7 (25%) 3 (21%) 4 (29%) NS

Months from diagnosis of
hypertension

69�50 62�55 75�44 NS

b-Blockers
Atenolol 15 (54%) 5 (36%) 10 (71%) NS

Carvedilol 3 (11%) 3 (21%) 0 (0%)
Metoprolol 10 (35%) 6 (43%) 4 (29%)

Blood pressure

Systolic (mm Hg) 123�13 119�9 126�15 NS
Diastolic (mm Hg) 78�8 79�9 78�7 NS

FMD 4.8�0.8 4.6�0.9 5.0�0.7 NS

Abbreviations: NS, not significant; FMD, flow-mediated dilation.
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a substantial blood pressure decrease. In addition,
in a population of hypertensive patients with
uncontrolled blood pressure receiving no other
drugs, Koh et al.,19 in a randomized placebo-
controlled trial, reported that the administration of
16 mg ⁄d of candesartan for 2 months significantly
decreased blood pressure and improved endothelial
function evaluated by brachial FMD. Compared to
the current study, the patients enrolled by Koh
et al. did not have concomitant CAD, had elevated
blood pressure, and were not selected on the
basis of ED. In patients with CAD, acute intra-
brachial administration of candesartan has been
shown to enhance endothelial function evaluated
by brachial FMD.14 In the chronic setting, the same
group also reported that 4 weeks’ administration of
losartan significantly improved endothelial function
evaluated by radial artery ultrasound in patients
with CAD.20 Other studies with different angiotensin
receptor blockers and other renin-angiotensin inhibi-
tors have also demonstrated improvement in ED.

Mechanisms of Endothelial Function
Improvement Using AT1 Receptor Antagonists
Pathophysiological mechanisms which account for
the beneficial effects of AT1 receptor antagonists

on endothelial function have not been clarified.
Experimental evidence indicates that AT1 receptor
antagonism exerts an antioxidative effect mediated
through inhibition of angiotensin II stimulation
of NADPH activity which leads to reduced
superoxide production and nitric oxide (NO) deg-
radation.21 In addition, AT1 antagonism as well as
angiotensin-converting enzyme inhibition enhances
the antioxidant activity of the superoxide dismu-
tase, contributing to increased NO availability.20

Figure 1. (A) Basal and hyperemic diameter of the brachial artery at randomization (black bars) and at end of study
(white bars). (B) Basal and hyperemic flow of the brachial artery at randomization (black bars) and at end of study
(white bars).

Figure 2. Flow-mediated dilation (FMD) of brachial
artery at baseline (black bars) and after 2 months of
therapy (white bars). *P<0.01 vs both candesartan
and placebo groups. n.s. indicates not significant.
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More recently, it has been also reported that
AT1 receptor antagonism, likely through stimu-
lation of the AT2 receptors, activates brady-
kinin ⁄B2 receptor-mediated NO production, which
may also represent a relevant mechanism for
endothelial function amelioration.14 Finally, it
has been demonstrated that AT1 receptor
antagonists reduce inflammation in patients
with CAD. This may represent the final favor-
able effect of the antioxidant properties of
these drugs, contributing to endothelial function
improvement.22

Clinical Value of Endothelial Function Evaluation
The independent prognostic role of endothelial
dysfunction has been repeatedly reported in
patients at risk for cardiovascular disease as well
as in those with known CAD or peripheral arterial
disease.3–7 Recent studies also indicate that endo-
thelial dysfunction is not only a marker of progno-
sis, but may be a relevant therapeutic target.8,9 It
has been reported8 that in hypertensive women
treated with different pharmacologic therapies, car-
diovascular risk over a follow-up of 67 months
was reduced only in those patients in whom ED
was ameliorated. Very recently, in patients with
acute myocardial infarction, Fichtlscherer et al.9

reported that prognosis over a follow-up of
47 months was significantly more favorable in
those patients who demonstrated improved endo-
thelial function 8 weeks after the acute coronary
syndrome. These observations strongly suggest that
the presence of ED is associated with an adverse
prognosis in patients with known CAD, and sug-
gest that reversal of ED may be associated with
reduced cardiovascular risk in these patients. How-
ever, these observations do not prove a cause-effect
relationship between enhancement of endothelial
function and reduction of cardiovascular adverse
events; further prospective studies are warranted to
verify the value of endothelial function as an inter-
mediate end point to which therapy might be
targeted.

CONCLUSIONS
In hypertensive coronary patients, with sustained
ED despite blood pressure control, antagonism
of AT1 receptors with candesartan improves
ED. Follow-up studies are warranted to evaluate
whether improvement of ED is associated with
a cardioprotective effect of their agent, cande-
sartan, against adverse cardiac events in these
patients.
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