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Abstract
Background—ASCOT-BPLA study demonstrates that in hypertensive subjects, atenolol
+bendroflumethiazide therapy is associated with higher incidence of adverse cardiovascular
outcomes and developing diabetes than an amlodipine+perindopril regimen. This is not explained
by changes in blood pressure alone. We hypothesized that distinct vascular and metabolic effects of
anti-hypertensive drugs may explain these differential effects.

Methods—Either placebo or one class of anti-hypertensive drug (atenolol 100 mg, amlodipine 10
mg, hydrochlorothiazide 50 mg, ramipril 10 mg, or candesartan 16 mg) was given daily during 8
weeks to 31 patients in each of 6 arms of a randomized, single-blind, placebo-controlled, parallel
study.

Results—Atenolol, amlodipine, and candesartan therapies significantly reduced systolic blood
pressure when compared with ramipril (P<0.05 by ANOVA). Atenolol and thiazide therapies
increased triglycerides levels greater than ramipril or candesartan (P=0.005 by ANOVA).
Amlodipine significantly increased HDL cholesterol levels greater than atenolol (P=0.011 by
ANOVA). Ramipril and candesartan therapies improved FMD and increased adiponectin levels and
insulin sensitivity to a greater extent than atenolol or thiazide therapies (P<0.001 and P<0.015 by
ANOVA). Amlodipine therapy increased adiponectin levels greater than atenolol therapy (P<0.05
by ANOVA). Ramipril, candesartan, and amlodipine therapies significantly decreased leptin levels
to a greater extent when compared with atenolol or thiazide therapies (P<0.001 by ANOVA).
Amlodipine therapies significantly decreased resistin levels greater than ramipril or candesartan
therapies (P=0.001 by ANOVA).

Conclusions—We observed differential effects of anti-hypertensive drugs on endothelial
dysfunction and plasma adipocytokines.
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1. Introduction
Hypertension and coronary heart disease are cardiovascular diseases characterized by
endothelial dysfunction that frequently cluster with disorders of metabolic homeostasis
including obesity and type 2 diabetes that are characterized by insulin resistance [1-3]. These
co-morbidities may be explained, in part, by reciprocal relationships between endothelial
dysfunction and insulin resistance [1,2]. The Nurses’ Health Study I and II and the Health
Professional Follow-up Study demonstrate beta-blockers and diuretics are independently
associated with a higher risk of type 2 diabetes. By contrast, angiotensin converting enzyme
(ACE) inhibitors, angiotensin II type 1 (AT1) receptor blockers (ARBs), and calcium channel
blockers are not [4-6]. Mechanisms may relate to the common ability of ACE inhibitors, ARBs,
and calcium channel blockers to target the vicious synergy between endothelial dysfunction
and insulin resistance.

Endothelial dysfunction associated with diabetes, obesity, metabolic syndrome, and other
insulin resistant states is characterized by impaired insulin-stimulated nitric oxide (NO) release
from endothelium with decreased blood flow and reduced delivery of substrates and hormones
to insulin target tissues [7]. Thus, improvement in endothelial function is predicted to improve
insulin sensitivity. This may be why ACE inhibitors, ARBs, and calcium channel blockers are
not associated with a higher risk of type 2 diabetes. NO plays a pivotal role in maintaining
vascular health and protecting against vascular injury under pathological conditions.
Angiotensin II activates the AT1 receptor resulting in superoxide anion generation, oxidative
stress, and endothelial dysfunction [8,9]. ACE inhibitors and ARBs diminish production of
intracellular superoxide anions by reducing activity of angiotensin II-dependent oxidases in
the endothelium and vascular smooth muscle. This protects endothelium-derived NO from
oxidant degradation to inert or toxic molecules [10]. Calcium channel blockers also activate
both NO synthase in vitro and enhance both NO and adenosine production in vivo [11].

Adiponectin and leptin are adipocytokines secreted specifically by adipose cells [12,13]. In
humans, plasma levels of adiponectin are negatively correlated with adiposity and insulin
resistance. Indeed, decreased plasma adiponectin levels are observed in patients with diabetes
[14]. We recently reported that ramipril, candesartan, or efonidipine increase adiponectin levels
and insulin sensitivity in patients without changing body mass index [15-17]. Thus, decreased
levels of adiponectin may influence the development of insulin resistance rather than simply
serving as a biomarker for insulin sensitivity. Leptin may play an important role in
atherosclerotic lesion formation and progression [13,18]. Resistin exerts direct effects to
promote endothelial cell activation and upregulates adhesion molecules and chemokines [19].
Plasma resistin levels are correlated with markers of inflammation and are predictive of
coronary atherosclerosis in humans in some studies [20]. Thus, adiponectin, leptin, and resistin
may represent important links between metabolic signals, inflammation, and atherosclerosis.

In a recent clinical trial in hypertensive patients [e.g. Anglo-Scandinavian Cardiac Outcomes
Trial-Blood Pressure Lowering Arm (ASCOT-BPLA)], fewer individuals on the amlodipine
plus perindopril regimen had a primary endpoint of non-fatal myocardial infarction or fatal
coronary heart disease, total cardiovascular events and procedures, and all-cause mortality
when compared with atenolol plus bendroflumethiazide regimen [21]. The incidence of
developing diabetes was also less on the amlodipine-based regimen. ASCOT-BPLA
investigators suggested that these effects may not be entirely explained by better control of
blood pressure [22]. Therefore, we investigated effects of several different classes of anti-
hypertensive drugs on endothelial function, adipocytokine profiles, and other metabolic
parameters in patients with hypertension.
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2. Methods
2.1. Study population and design

We used a randomized, single-blind, placebo-controlled, parallel study design. We recruited
patients from a primary care setting in the Vascular Medicine and Atherosclerosis Unit,
Cardiology, Gil Medical Center, Gachon University. We recruited patients from April 23, 2004
to July 7, 2005. We used WHO/ISH definitions for hypertension (systolic and diastolic blood
pressure ≥140 or ≥90 mm Hg, respectively). We included patients with mild to moderate
hypertension (systolic blood pressure <180 and diastolic blood pressure <110 mm Hg) ranging
in age from 30 to 70 years. We excluded patients with severe hypertension, type 2 diabetes,
unstable angina, acute myocardial infarction, or renal insufficiency. Blood pressure measured
in the right arm in the sitting position using a standard sphygmomanometer with appropriate
sized cuff was recorded as the mean of 2 successive readings (subjects were seated for at least
10 min prior to measurements) [15-17,23]. Before and during the study period a dietitian
educated patients to maintain a low salt diet. A research nurse counted pills at the end of
treatment to monitor compliance. In order to minimize acute side effects, study medications
were titrated from 50 to 100 mg of atenolol, from 5 to 10 mg of amlodipine, 25 to 50 mg of
hydrochlorothiazide, 5 to 10 mg of ramipril, and 8 to 16 mg of candesartan upwards over a 2
week period if no hypotension (systolic blood pressure <100 mm Hg) was noted (run in period).
This was followed by a 3-week washout period. At the end of the washout period, participants
were randomly assigned to either placebo or one of several anti-hypertensive drugs (atenolol
100 mg, amlodipine 10 mg, hydrochlorothiazide 50 mg, ramipril 10 mg, or candesartan 16 mg)
daily during 8 weeks. Allocation concealement was achieved by using envelopes with the
collaboration of a statistician. The patients were seen at 14-day intervals or more frequently
during the study. One hundred eighty-six mild to moderate hypertensive patients were
considered eligible for this study. One patient on amlodipine and one patient on ramipril
experienced severe facial flushing and dry coughing, respectively and they were withdrawn
from the study. Thus, data from total 184 patients were analyzed (Fig. 1). The number of current
smokers in each group were 9 (placebo), 9 (atenolol), 8 (amlodipine), 10 (thiazide), 9 (ramipril),
and 9 (candesartan), respectively. No additional medications including anti-hypertensive
drugs, aspirin, or nonsteroidal anti-inflammatory drugs were allowed during the study period
to avoid confounding effects of other drugs. This study was approved by the Gil Hospital
Institute Review Board and all participants gave written, informed consent.

2.2. Laboratory assays and vascular studies
Blood samples for laboratory assays were obtained at approximately 8:00 a.m. following
overnight fasting before and at the end of each 8 week treatment period. These samples were
immediately coded so that investigators performing laboratory assays were blinded to subject
identity or study sequence. Assays for plasma insulin, malondialdehyde, adiponectin, leptin,
and resistin were performed in duplicate by immunoradiometric assay (INSULIN-
RIABEAD® II, SRL, Inc, Tokyo, Japan) or by ELISA (BIOXYTECH® LPO-586,
OxisResearch, Portland, Oregon; R & D Systems, Inc., Minneapolis, Minnesota, USA). Assays
for high sensitivity C-reactive protein levels were performed by latex agglutination (CRP-Latex
(II)®, Denka-Seiken, Tokyo, Japan) as previously described [15-17,23,24]. The interassay and
intraassay coefficients of variation were <6%. Quantitative Insulin-Sensitivity Check Index
(QUICKI), a surrogate index of insulin sensitivity, was calculated as follows (insulin is
expressed in μU/ml and glucose in mg/dl): QUICKI=1/[log (insulin)+log(glucose)] [25].
Imaging studies of the right brachial artery were performed using an ATL HDI 3000 ultrasound
machine (Bothell, WA, USA) equipped with a 10 MHz linear-array transducer, based on a
previously published technique [15-17,23,24].
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2.3. Statistical analysis
Data are expressed as mean±SEM or median (range:25%–75%). After testing data for
normality, we used Student’s paired t or Wilcoxon Signed Rank test to compare values between
baseline and treatment at 2 months, as reported in Table 1. We used one way analysis of
variance (ANOVA) or Kruskal–Wallis ANOVA on Ranks to compare baseline or treatment
effects among treatment groups. Post-hoc comparisons between different treatment pairs were
made using the Student–Newman–Keuls multiple comparison procedures. Pearson or
Spearman correlation coefficient analysis was used to assess associations between measured
parameters. We calculated that 30 subjects would provide 80% power for detecting an absolute
increase of 1.5% or greater in flowmediated dilation of the brachial artery between baseline
and candesartan, with α = 0.05 based on our previous studies [24]. The comparison of
endothelium-dependent dilation was prospectively designated as the primary end-point of the
study. All other comparisons were considered secondary. A value of P<0.05 was considered
to represent statistical significance. We used SigmaStat version 2.0 (SPSS Inc.) for statistical
data analyses.

3. Results
The baseline patient characteristics are reported in Table 1. The distribution of the variables
was not statistically different among study groups after randomization.

3.1. Blood pressure and lipids
All therapies significantly reduced systolic and diastolic blood pressure from baseline.
Atenolol, amlodipine, and candesartan therapies significantly reduced systolic and diastolic
blood pressure when compared with placebo (both P<0.001 by ANOVA; Fig. 1). Atenolol,
amlodipine, and candesartan therapies significantly reduced systolic blood pressure when
compared with ramipril (P<0.05 by ANOVA; Fig. 2). Atenolol and thiazide therapies
significantly increased triglycerides levels from baseline and the magnitude of increasing
triglycerides levels following atenolol and thiazide therapies was significantly greater than that
following ramipril or candesartan (P=0.005 by ANOVA; Fig. 3). Amlodipine therapy
significantly increased high-density lipoprotein (HDL) cholesterol levels from baseline and
the magnitude of increasing HDL cholesterol levels was significantly greater than that
following atenolol or placebo (P=0.011 by ANOVA; Fig. 3). No significant changes in other
lipid profiles were noted with any of the therapies.

3.2. Vasomotor function and malondialdehyde
All therapies significantly improved flow-mediated dilator response to hyperemia (FMD) from
baseline. Ramipril and candesartan therapies significantly improved FMD greater than
placebo, atenolol or thiazide therapies (P<0.001 by ANOVA; Fig. 4). By contrast, atenolol and
thiazide therapies did not significantly improve FMD greater than placebo. Ramipril and
candesartan therapies significantly reduced plasma malondialdehyde levels from baseline.
However, the magnitude of decreasing malondialdehyde levels following ramipril and
candesartan therapies was not significantly different when compared with other therapies
(P=0.279 by ANOVA; Fig. 4). Brachial artery dilator responses to nitroglycerin were not
significantly different between any of the therapies. In addition, no significant changes in high
sensitivity C-reactive protein were noted with any of the therapies (P=0.151 by ANOVA).

3.3. Adipocytokines and insulin resistance
None of the therapies changed insulin or glucose levels from baseline. Ramipril and
candesartan therapies significantly increased adiponectin levels from baseline. Atenolol
therapy significantly decreased adiponectin levels from baseline. Ramipril and candesartan
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therapies significantly increased adiponectin levels to a greater extent than atenolol or thiazide
therapies (P<0.001 by ANOVA; Fig. 5). Amlodipine therapy significantly increased
adiponectin levels to a greater extent than atenolol therapy (P<0.05; Fig. 5). None of the
therapies significantly increased insulin sensitivity (as assessed by QUICKI) from baseline.
However, ramipril and candesartan therapies significantly increased insulin sensitivity to a
greater extent than atenolol or thiazide therapies (P= 0.015 by ANOVA; Fig. 5). We observed
significant inverse correlations between baseline body mass index and baseline adiponectin
levels (r=−0.344 before placebo; r=−0.393 before atenolol; r=−0.429 before amlodipine; r=
−0.468 before thiazide; r=−0.401 before ramipril; r=−0.505 before candesartan).

Ramipril, candesartan, and amlodipine therapies significantly decreased leptin levels from
baseline. Atenolol therapy increased leptin levels from baseline and thiazide therapy did not
change leptin levels. Ramipril, candesartan, and amlodipine therapies significantly decreased
leptin levels to a greater extent when compared with atenolol or thiazide therapies (P<0.001
by ANOVA; Fig. 6). Ramipril and candesartan therapies significantly increased resistin levels
from baseline. Amlodipine therapies significantly decreased resistin levels to a greater extent
than ramipril or candesartan therapies (P=0.001 by ANOVA; Fig. 6). We observed significant
correlations between baseline body mass index and baseline leptin levels (r=0.358 before
placebo; r=0.338 before atenolol; r=0.428 before ramipril; r=0.439 before candesartan).
However, we did not observe significant correlations between baseline resistin levels and
baseline body mass index or insulin sensitivity.

We observed significant correlations between percent changes in adiponectin levels and
percent changes in insulin or QUICKI following therapy (r=−0.426 and 0.342 after ramipril;
r=−0.547 and 0.602 after candesartan). We also observed significant correlations between
percent changes in adiponectin levels and percent changes in HDL cholesterol or QUICKI
following amlodipine (r=0.450 and 0.380). We investigated whether changes in percent flow-
mediated dilator response to hyperemia, plasma levels of malondialdehyde, adiponectin, leptin,
and resistin, or insulin resistance were related to reduction of systolic or diastolic blood
pressure. There were no significant correlations between changes in these parameters and
reduction of systolic blood pressure (−0.226≤r≤0.075) or reduction of diastolic blood pressure
(−0.206≤r≤0.145).

4. Discussion
As expected, we observed that all anti-hypertensive drugs improved blood pressure. However,
ramipril and candesartan improved blood pressure, endothelial dysfunction, and plasma
adiponectin and leptin levels to a greater extent than atenolol or thiazide therapy. Despite a
reduction of blood pressure, atenolol and thiazide did not improve endothelial dysfunction and
reduced plasma adiponectin and leptin levels.

The ASCOT-BPLA study demonstrated that when compared with the atenolol plus
bendroflumethiazide regimen, fewer individuals on the amlodipine plus perindopril regimen
had primary endpoint composites in hypertensive patients. The incidence of developing
diabetes was less on the amlodipine-based regimen. The ASCOT-BPLA investigators
suggested that these effects might not be entirely explained by better control of blood pressure
[22]. In further analyses, investigators assessed to what extent these differences were due to
differences in blood pressure and other variables noted after randomization. No temporal link
between differences in blood pressure and different event rates were observed. Multivariate
adjustment accounted for about half of the differences in coronary events and for about 40%
of the differences in stroke events between the treatment regimens tested in ASCOT-BPLA
(but residual differences were no longer significant). It remains possible that differential effects
of the two treatment regimens on other variables also contributed, particularly for stroke [22].
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One important mechanism underlying endothelial dysfunction in cardiovascular and metabolic
diseases is increased oxidative stress which decreases endothelial NO production and
bioavailability leading to impaired endothelium-dependent vasodilation [26]. ACE inhibitors,
ARBs, and calcium channel blockers reduce oxidative stress in the vasculature and improve
endothelium-dependent vasodilation [15,24,27]. However, the effects of amlodipine on
endothelium-dependent vasodilation are controversial. Some studies demonstrate that
amlodipine improves endothelium-dependent vasodilation [28,29] while others do not [30,
31]. In the current study, ramipril and candesartan therapies significantly improved FMD to a
greater extent than placebo. Amlodipine therapy tended to improve FMD greater than placebo.
By contrast, atenolol and thiazide therapies did not significantly improve FMD to a greater
extent than placebo. We reasoned these differences would be caused by different effects of
anti-hypertensive drugs on endothelium-dependent vasodilation, biomarkers of oxidant stress
or inflammation. In our study, ramipril and candesartan therapies significantly reduced plasma
malondialdehyde levels from baseline. However, the magnitude of decreasing
malondialdehyde levels was not significantly greater compared with other therapies. Also, no
significant changes in high sensitivity C-reactive protein were noted with any of the therapies.

Due to reciprocal relationships between endothelial dysfunction and insulin resistance [1,2],
we hypothesized that improvements in endothelial dysfunction would be accompanied by
simultaneous improvement in metabolic parameters. Hypertension is an insulin-resistant
condition associated with an increased incidence of diabetes. Abnormal glucose metabolism
is diagnosed in two-thirds of patients with essential hypertension [3]. In our study, atenolol
and thiazide therapies significantly increased triglyceride levels from baseline and the
magnitude of increasing triglyceride levels following atenolol and thiazide therapies was
significantly greater than that following ramipril or candesartan therapies. Amlodipine therapy
significantly increased HDL cholesterol levels from baseline and the magnitude of increasing
HDL cholesterol levels was significantly greater than that following atenolol or placebo
therapies. Verapamil increases ATP-binding cassette transporter A1 (a major source of plasma
HDL) expression and thereby increases apoA-I-mediated cellular lipid release and production
of HDL, another potential anti-oxidant mechanism for calcium channel blockers [32].

Adiponectin is an adipose-derived factor that augments and mimics metabolic and vascular
actions of insulin [12]. In our study, ramipril and candesartan therapies significantly increased
adiponectin levels without a corresponding change in body weight or body mass index when
compared with atenolol or thiazide therapies. Increasing adiponectin levels would be predicted
to improve both insulin sensitivity and endothelial function by multiple mechanisms [12,33].
Regulation of metabolic homeostasis and hemodynamic homeostasis may be coupled by
vascular actions of insulin to stimulate production of NO [34]. In the current study, there were
significant correlations between percent changes in adiponectin levels and percent changes in
insulin or QUICKI following ramipril or candesartan. There may be additional mechanisms to
improve insulin sensitivity and adiponectin levels in addition to improving endothelial function
by blockade of the renin angiotensin system. For example, cross-talk between angiotensin II
receptor signaling and insulin signaling pathways may contribute to insulin resistance [35]. In
addition, ramipril and candesartan may have direct effects to augment insulin-stimulated
glucose uptake, promote adipogenesis [36], and induce peroxisome proliferator-activated
receptor-γ activity that promotes differentiation of adipocytes [37]. Recently, it was reported
that quinapril increases insulin-stimulated endothelial function and vascular expression of
adiponectin in patients with type 2 diabetes [38]. In our study, amlodipine significantly
increased adiponectin levels when compared with atenolol. There were significant correlations
between percent changes in adiponectin levels and percent changes in HDL-cholesterol and
QUICKI following amlodipine therapy. Most clinical studies have demonstrated that long-
acting, dihydropiridine calcium channel blockers improve insulin-resistance in hypertensive
patients and rats without decreasing accumulation of abdominal fat or serum levels of glucose
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or insulin [39-41]. However, in some studies amlodipine does not improve insulin sensitivity
in obese hypertensive patients [42]. We assessed the surrogate index of insulin sensitivity,
QUICKI. It is important to note that the primary outcomes of our study did not include insulin
sensitivity. Thus, we used a surrogate index to measure insulin sensitivity rather than the
reference standard glucose clamp. Using QUICKI, we observed a trend towards small
improvement of insulin sensitivity after ramipril, candesartan, and amlodipine therapies that
did not reach statistical significance. Our current observations are similar to other studies
[43].

Angiotensin II increases leptin secretion from cultured human fat cells. Candesartan abolishes
the effect of angiotensin II to promote leptin production [44]. Leptin may potentiate pressor
effects of hyperinsulinemia in insulin resistant states. Therefore, interactions between
angiotensin II and insulin with leptin may have deleterious cardiovascular effects in obesity.
Additionally, leptin appears to stimulate vascular inflammation, oxidative stress, and vascular
smooth muscle hypertrophy. These actions may contribute to the pathogenesis of hypertension,
atherosclerosis, and left ventricular hypertrophy [13,18,45]. In the current study, ramipril,
candesartan, and amlodipine therapies significantly reduced plasma leptin levels when
compared with atenolol therapy.

Serum resistin is increased in type 2 diabetic or obese subjects [46,47]. Resistin reduces glucose
uptake in differentiated preadipocytes [46] and promotes endothelial cell activation and
upregulates adhesion molecules and chemokines [19]. In this fashion, resistin may be
mechanistically linked to cardiovascular diseases in the metabolic syndrome. Serum resistin
levels are associated with the presence and severity of coronary artery disease and significant
correlations between resistin levels and both fasting insulin levels and insulin resistance [48].
In the current study, ramipril and candesartan significantly increased plasma resistin levels
relative to baseline measurements, however, amlodipine significantly decreased plasma
resistin levels. But, resistin levels were not correlated with insulin sensitivity or body mass
index. This is consistent with other reports that circulating resistin levels are not correlated
with the insulin sensitivity, body mass index, or blood pressure [46,48-50].

It is possible that some of our results may be explained by differences in the magnitude of
change in blood pressure. For example, using a higher dose of ramipril to achieve comparable
blood pressure reduction when compared with amlodipine may slightly alter some of our study
outcomes. However, other studies have demonstrated that endothelial and metabolic benefits
of anti-hypertensive therapy are due to factors beyond blood pressure-lowering effects [16,
17,22,24,29-31]. In the current study, we used the maximum allowable dose of each drug in
patients to investigate the clinically practical effects of each drug. We used a single blind
design, which may introduce a potential bias. Since withdrawn patients are not included in the
analyses, our results may underestimate observed differences. However, this seems unlikely
because only 2 patients were withdrawn in our study.

The important clinical implication of our study is that, consistent with recent meta-analyses
[51] and discussion of evaluation of clinical trials [52-54], we observed significant differential
effects of anti-hypertensive drugs on endothelial dysfunction and plasma adipocytokine levels
in hypertensive patients. Thus, our study suggests that the particular therapeutic strategy used
to target blood pressure may be an additional important factor to consider in addition to simply
monitoring improvement in a biomarker per se. Design of future clinical trials should take into
account comparison of therapeutic strategies in addition to simple comparisons of biomarkers.
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Fig. 1.
Flow chart.
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Fig. 2.
Atenolol, amlodipine, and candesartan therapies significantly reduced systolic and diastolic
blood pressure compared with placebo. Atenolol, amlodipine, and candesartan therapies
significantly reduced systolic blood pressure compared with ramipril. Pl=placebo, At=atenolol,
Am=amlodipine, Th=thiazide, Ra=ramipril, Ca=candesartan. Standard error of the mean is
identified by the bars.
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Fig. 3.
The magnitude of increasing triglyceride levels following atenolol and thiazide therapies was
significantly greater than that following ramipril or candesartan. The magnitude of increasing
HDL cholesterol levels following amlodipine therapy was significantly greater than that
following atenolol or placebo. Pl=placebo, At=atenolol, Am=amlodipine, Th=thiazide,
Ra=ramipril, Ca=candesartan. Standard error of the mean is identified by the bars.
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Fig. 4.
Ramipril and candesartan therapies significantly improved flow-mediated dilator response to
hyperemia (FMD) greater than placebo, atenolol or thiazide therapies. By contrast, atenolol
and thiazide therapies did not significantly improve FMD greater than placebo. Ramipril and
candesartan therapies significantly reduced plasma malondialdehyde levels from baseline.
However, the magnitude of decreasing malondialdehyde levels was not significantly greater
compared with other therapies. Pl=placebo, At=atenolol, Am=amlodipine, Th=thiazide,
Ra=ramipril, Ca=candesartan. Standard error of the mean is identified by the bars.
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Fig. 5.
Ramipril and candesartan therapies significantly increased adiponectin levels to greater extent
than atenolol or thiazide therapies. Amlodipine therapy significantly increased adiponectin
levels to a greater extent than atenolol therapy. Ramipril and candesartan therapies significantly
increased insulin sensitivity (as assessed by QUICKI) to a greater extent than atenolol or
thiazide therapies. Pl=placebo, At=atenolol, Am=amlodipine, Th=thiazide, Ra=ramipril,
Ca=candesartan. Standard error of the mean is identified by the bars.
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Fig. 6.
Ramipril, candesartan, and amlodipine therapies significantly decreased leptin levels to a
greater extent when compared with atenolol or thiazide therapies. Amlodipine therapies
significantly decreased resistin levels to a greater extent than ramipril or candesartan therapies.
Pl=placebo, At=atenolol, Am=amlodipine, Th=thiazide, Ra=ramipril, Ca=candesartan.
Standard error of the mean is identified by the bars.

Koh et al. Page 16

Int J Cardiol. Author manuscript; available in PMC 2010 May 2.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Koh et al. Page 17

Ta
bl

e 
1

Ef
fe

ct
s o

f p
la

ce
bo

 o
r a

nt
i-h

yp
er

te
ns

iv
e 

dr
ug

s i
n 

pa
tie

nt
s w

ith
 h

yp
er

te
ns

io
n

V
ar

ia
bl

es
Pl

ac
eb

o 
(n

 =
 3

1)
A

te
no

lo
l (

n 
=3

1)
A

m
lo

di
pi

ne
 (n

 =
30

)
T

hi
az

id
e 

(n
 =

31
)

R
am

ip
ri

l (
n 

=3
0)

C
an

de
sa

rt
an

 (n
 =

31
)

A
N

O
V

A

B
as

el
in

e
T

re
at

m
en

t
B

as
el

in
e

T
re

at
m

en
t

B
as

el
in

e
T

re
at

m
en

t
B

as
el

in
e

T
re

at
m

en
t

B
as

el
in

e
T

re
at

m
en

t
B

as
el

in
e

T
re

at
m

en
t

A
ge

 (y
ea

rs
)

46
±2

49
±2

51
±2

48
±2

46
±1

47
±2

0.
24

4

M
al

e:
Fe

m
al

e
21

:1
0

21
:1

0
19

:1
1

20
:1

1
20

:1
0

22
:9

 
B

od
y 

m
as

s i
nd

ex
25

.0
3±

0.
56

24
.9

6±
0.

52
24

.9
0±

0.
41

24
.6

9±
0.

39
25

.1
1±

0.
36

24
.9

1±
0.

34
25

.3
0±

0.
44

25
.1

1±
0.

40
25

.1
4±

0.
45

25
.0

4±
0.

43
25

.2
1±

0.
43

25
.1

2±
0.

40
0.

79
5

 
H

ea
rt 

ra
te

 (b
pm

)
79

±2
76

±2
81

±2
61

±1
 a

81
±2

83
±2

82
±2

81
±2

82
±2

79
±2

81
±2

81
±2

<0
.0

01

 
Sy

st
ol

ic
 b

lo
od

 p
re

ss
ur

e
(m

m
 H

g)
15

2±
3

14
5±

3 
a

15
6±

1
13

5±
2 

a,
 b

15
5±

1
13

2±
2 

a,
 b

15
3±

1
13

7±
2 

a,
 b

15
5±

1
14

3±
2 

a,
 b

, c
, e

,
f

15
6±

1
13

6±
2 

a,
 b

<0
.0

01

 
D

ia
st

ol
ic

 b
lo

od
 p

re
ss

ur
e

(m
m

 H
g)

93
±2

89
±2

 a
96

±1
84

±1
 a

, b
96

±1
84

±1
 a

, b
94

±1
86

±2
 a

94
±1

87
±1

 a
94

±1
84

±1
 a

, b
<0

.0
01

Li
pi

ds
 (m

g/
dl

)

 
To

ta
l c

ho
le

st
er

ol
 (m

g/
dl

)
18

9±
6

18
4±

6
19

3±
5

18
8±

5
19

1±
5

19
0±

5
19

1±
5

20
0±

6
18

7±
5

18
6±

4
19

2±
4

18
4±

5
0.

17
3

 
Tr

ig
ly

ce
rid

es
 (m

g/
dl

)
16

6±
18

17
2±

16
16

9±
15

18
9±

15
17

4±
13

15
3±

13
 d

16
8±

18
19

1±
20

16
1±

17
14

2±
16

 d
17

2±
21

15
2±

16
 d

0.
00

5

 
H

D
L 

ch
ol

es
te

ro
l (

m
g/

dl
)

47
±2

44
±2

47
±2

44
±2

47
±2

52
±2

 a
, b

, c
46

±2
46

±2
47

±2
49

±2
48

±2
50

±2
0.

01
1

 
LD

L 
ch

ol
es

te
ro

l (
m

g/
dl

)
11

0±
5

10
6±

5
11

3±
5

10
8±

5
10

9±
5

10
7±

5
11

2±
4

11
6±

6
10

8±
5

10
9±

4
11

0±
5

10
4±

5
0.

86
7

V
as

om
ot

or

 
Fl

ow
-m

ed
ia

te
d 

di
la

tio
n 

(%
)

3.
82

±0
.2

6
4.

44
±0

.2
6 

a
3.

99
±0

.3
4

4.
79

±0
.3

5 
a

3.
57

±0
.2

7
4.

79
±0

.3
0 

a
3.

63
±0

.2
2

4.
34

±0
.2

5 
a

3.
70

±0
.2

8
5.

36
±0

.3
4 

a,
 b

,
c,

 d
3.

48
±0

.2
4

5.
10

±0
.3

2 
a,

 b
,

c,
 d

<0
.0

01

 
N

itr
og

ly
ce

rin
 d

ila
tio

n 
(%

)
14

.4
9±

0.
79

14
.3

6±
0.

80
13

.7
5±

0.
69

13
.4

3±
0.

76
13

.4
3±

0.
62

12
.8

6±
0.

65
14

.0
8±

0.
62

14
.5

5±
0.

67
15

.5
0±

0.
85

15
.4

8±
0.

82
15

.0
1±

0.
78

15
.5

5±
0.

79
0.

21
8

 
M

al
on

di
al

de
hy

de
 (μ

M
)

1.
23

±0
.0

6
1.

21
±0

.0
5

1.
15

±0
.0

5
1.

16
±0

.0
7

1.
21

±0
.0

6
1.

14
±0

.0
7

1.
20

±0
.0

8
1.

20
±0

.0
8

1.
18

±0
.0

6
1.

10
±0

.0
7 

a
1.

10
±0

.0
7

1.
00

±0
.0

7 
a

0.
27

9

 
C

-r
ea

ct
iv

e 
pr

ot
ei

n 
(m

g/
l)

0.
85

 (0
.5

7–
2.

20
)

1.
28

 a
 (0

.5
7–

2.
66

)
0.

90
 (0

.7
0–

1.
78

)
1.

00
 (0

.6
3–

2.
05

)
0.

80
 (0

.5
3–

1.
40

)
0.

70
 (0

.5
0–

2.
00

)
0.

90
 (0

.5
0–

1.
90

)
1.

00
 (0

.6
0–

1.
75

)
1.

29
 (0

.6
4–

1.
93

)
0.

86
 (0

.6
4–

2.
30

)
1.

07
 (0

.5
4–

1.
92

)
0.

90
 (0

.4
0–

1.
43

)
0.

15
1

In
su

lin
 re

si
st

an
ce

 
A

di
po

ne
ct

in
 (μ

g/
m

l)
4.

0±
0.

4
3.

9±
0.

4
4.

5±
0.

5
3.

6±
0.

4 
a

4.
5±

0.
5

4.
7±

0.
5 

c
3.

8±
0.

5
3.

2±
0.

3
3.

7±
0.

4
4.

2±
0.

4 
a,

 c
, d

3.
9±

0.
4

4.
5±

0.
5 

a,
 c

, d
<0

.0
01

 
In

su
lin

 (μ
U

/m
l)

7.
98

±0
.8

0
8.

33
±0

.8
6

8.
19

±0
.6

9
8.

67
±0

.6
5

9.
09

±0
.7

2
7.

65
±0

.6
5

8.
84

±1
.2

0
8.

97
±0

.7
2

8.
42

±1
.0

4
7.

55
±1

.0
5

9.
70

±0
.8

8
8.

42
±1

.1
0

0.
36

9

 
G

lu
co

se
 (m

g/
dl

)
97

±2
96

±2
10

3±
3

10
6±

3
10

6±
3

10
5±

3
10

4±
3

10
9±

4
10

1±
2

10
3±

3
10

4±
2

10
1±

3
0.

24
3

 
Q

U
IC

K
I

0.
35

8±
0.

00
6

0.
35

7±
0.

00
6

0.
35

2±
0.

00
5

0.
34

5±
0.

00
4

0.
34

5±
0.

00
5

0.
35

3±
0.

00
5

0.
35

3±
0.

00
7

0.
34

4±
0.

00
5

0.
38

2±
0.

01
6

0.
39

6±
0.

01
8

0.
34

8±
0.

00
8

0.
36

2±
0.

00
8 

c
0.

01
5

 
Le

pt
in

 (n
g/

m
l)

6.
2±

1.
1

6.
2±

1.
0

5.
5±

0.
8

6.
2±

1.
0

5.
9±

0.
8

5.
0±

0.
7 

a,
 b

, c
,

d
6.

3±
0.

9
6.

3±
0.

9
5.

9±
0.

8
5.

3±
0.

9 
a,

 b
, c

6.
8±

1.
1

5.
9±

1.
0 

a,
 b

, c
<0

.0
01

 
R

es
is

tin
 (n

g/
m

l)
9.

5±
0.

8
9.

6±
0.

8
10

.5
±0

.8
10

.1
±0

.7
9.

6±
0.

8
8.

7±
0.

6 
a

9.
1±

0.
8

9.
2±

1.
0

8.
5±

0.
7

9.
4±

0.
8 

a,
 e

8.
7±

0.
7

9.
7±

0.
8 

a,
 c

, e
0.

00
1

Int J Cardiol. Author manuscript; available in PMC 2010 May 2.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Koh et al. Page 18
*P

<0
.0

5,
 +

P<
0.

01
, ‡

P<
0.

00
1 

fo
r c

om
pa

ris
on

 w
ith

 e
ac

h 
ba

se
lin

e 
va

lu
e.

D
at

a 
ar

e 
ex

pr
es

se
d 

as
 m

ea
ns

±S
EM

 o
r m

ed
ia

n 
(r

an
ge

 2
5%

 to
 7

5%
).

Th
er

e 
w

er
e 

no
 si

gn
ifi

ca
nt

 d
iff

er
en

ce
s a

m
on

g 
ea

ch
 b

as
el

in
e 

va
lu

es
.

St
ud

en
t’s

 p
ai

re
d 

t t
es

t o
r W

ilc
ox

on
 S

ig
ne

d 
R

an
k 

te
st

 fo
r c

om
pa

ris
on

 w
ith
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as

el
in

e 
vs

. t
re

at
m

en
t v

al
ue

.

St
ud

en
t’s

 u
np

ai
re

d 
t t

es
t o

r M
an

n–
W

hi
tn

ey
 R

an
k 

Su
m

 te
st

 fo
r c

om
pa

ris
on

 w
ith

 e
ac

h 
ba

se
lin

e 
va

lu
e 

or
 e

ac
h 

tre
at

m
en

t v
al

ue
.

Q
ua

nt
ita

tiv
e 

In
su

lin
-S

en
si

tiv
ity

 C
he

ck
 In

de
x 

(Q
U

IC
K

I)
=1

/[l
og

 (i
ns

ul
in

)+
lo

g 
(g

lu
co

se
)]

25
.

a P<
0.

05
 fo

r c
om

pa
ris

on
 w

ith
 th

e 
ba

se
lin

e 
va

lu
e.

b P<
0.

05
 fo

r c
om

pa
ris

on
 w

ith
 th

e 
va

lu
e 

af
te

r t
he

ra
py

 w
ith

 p
la

ce
bo

.

c P<
0.

05
 fo

r c
om

pa
ris

on
 w

ith
 th

e 
va

lu
e 

af
te

r t
he

ra
py

 w
ith

 a
te

no
lo

l.

d P<
0.

05
 fo

r c
om

pa
ris

on
 w

ith
 th

e 
va

lu
e 

af
te

r t
he

ra
py

 w
ith

 th
ia

zi
de

.

e P<
0.

05
 fo

r c
om

pa
ris

on
 w

ith
 th

e 
va

lu
e 

af
te

r t
he

ra
py

 w
ith

 a
m

lo
di

pi
ne

.

f P<
0.

05
 fo

r c
om

pa
ris

on
 w

ith
 th

e 
va

lu
e 

af
te

r t
he

ra
py

 w
ith

 c
an

de
sa

rta
n.
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