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 Abstract 
 Sixty-six self-identified African-American subjects with stage 1 and 2 hypertension and char-
acteristics of the cardiometabolic syndrome were treated with amlodipine/olmesartan (A/O) 
versus losartan/hydrochlorothiazide (L/H) for 20 weeks in an open-label, active comparator 
fashion. Subjects not meeting a blood pressure (BP) value of <125/75 mm Hg on either regi-
men at week 14 were placed on additional or alternative therapy. After 20 weeks of therapy, 
systolic BP was reduced by 34.6 ± 4.2 mm Hg in the A/O group and by 27.0 ± 4.1 mm Hg in 
the L/H group (p = 0.012 A/O vs. L/H). Diastolic BP was reduced by 16.9 ± 2.0 mm Hg in the 
A/O group and by 12.3 ± 2.0 mm Hg in the L/H group (p = 0.022 A/O vs. L/H). There was a 
substantial increase in endothelial function of 44 and 103% in the L/H and A/O groups, re-
spectively (p < 0.005 A/O vs. L/H). Central aorta augmentation pressure was significantly re-
duced by 42% with the A/O treatment, and a smaller, significant reduction of 28% was ob-
served with the L/H treatment (p = 0.034 A/O vs. L/H). There was a reduction in sIL-6 levels 
of 20 and 33%, a reduction in serum leptin levels of 22 and 40%, and an increase in serum 
adiponectin of 19 and 46% in the L/H and A/O groups, respectively (p < 0.005 A/O vs. L/H for 
each biomarker). Treatment with A/O after 14 weeks reduced pulse wave velocity by 22%
(p = 0.011 time comparison), whereas L/H treatment had no significant effect. Our findings 
suggest that, in addition to effective BP reduction, A/O differentially regulates markers of in-
flammation and obesity, thereby potentially providing greater vascular protection. 
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 Introduction 

 The prevalence of hypertension is highly variable among populations worldwide. In the 
United States, there is a disproportionate burden of this disease and its complications in 
African-Americans  [1] . African-Americans have the highest prevalence of hypertension in the 
world, at a level that is significantly higher than that in individuals of African origin living 
outside the United States  [2] . According to the 2003–2004 National Health and Nutrition 
Examination Survey (NHANES), the prevalence of hypertension is 39.1% in African-Amer-
icans and 28.5% in white Americans  [3] . The increased prevalence of hypertension in African-
Americans has been attributed to both genetic and environmental factors  [4] . Additionally, 
hypertension is usually observed at a younger age in African-Americans and results in more 
severe disease complications. This leads to a higher hypertension-related mortality rate – 
49.9% for African-American men and 40.6% for African-American women, compared to 
17.9% for the overall US population in 2004  [1] .

  Diagnosis and treatment of obese patients with hypertension require that health-care 
providers address the additional issues of glucose intolerance and dyslipidemia. Ethically 
sensitive strategies to promote therapeutic lifestyle changes, specifically increased physical 
activity and reduced dietary intake resulting in weight loss, are not as well defined. A sedentary 
lifestyle and poor cardiorespiratory fitness are not only associated with the cardiometabolic 
syndrome but could actually be considered features of it. These issues are significant in the 
health of African-American individuals, who experience greater difficulty in blood pressure 
(BP) control, encounter increased hypertensive and diabetic complications, and have higher 
levels of obesity  [5] .

  Growing evidence suggests that the regulation of adipose tissue may represent an 
important link between increased insulin resistance, hypertension and obesity – all key 
factors in the cardiometabolic syndrome  [6–8] . Furthermore, increased angiotensin II activity 
within adipose tissue is associated with increased levels of the hormone leptin and reduced 
levels of adiponectin  [9, 10] . Adiponectin levels are inversely correlated with visceral obesity, 
insulin resistance and hyperlipidemia  [11, 12] , and increased markers of adiponectin have 
been associated with a decreased risk in coronary heart disease in diabetic men  [13] . In endo-
thelial cells, adiponectin decreases the activity of inflammatory genes such as adhesion mole-
cules  [14] . Leptin is an adipocyte-specific hormone that plays a central role in the regulation 
of body weight  [15] . Leptin, produced predominantly by subcutaneous adipocytes, is present 
at higher concentrations in obese individuals  [16] .

  This study evaluates the effects of a comparison between amlodipine/olmesartan (A/O) 
and losartan/hydrochlorothiazide (L/H) therapy in hypertensive African-Americans with the 
cardiometabolic syndrome. We included the cardiometabolic syndrome as a criteria for this 
study as approximately 30% of African-Americans are obese  [3] , a substantial component of 
hypertensive patients.

  Methods 

 Subjects 
 African-American men and women between the ages of 18 and 75 years (mean age 50.0) with stage I or 

II hypertension and meeting the NCEP/ATP III criteria for the cardiometabolic syndrome were enrolled in 
the study. Subjects were excluded if they had any of the following: inadequately controlled diabetes mellitus 
(with a glycosylated hemoglobin >8.0%); active coronary heart disease, cerebrovascular disease, peripheral 
vascular disease or renovascular disease; known history of cirrhosis; history of chronic renal failure requiring 
dialysis or significant renal dysfunction (defined as serum creatinine >3.5 mg/dl not receiving continuous 
renal replacement therapy), or a mental condition rendering the subject unable to understand the scope and 
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possible consequences of the study. Women of childbearing age were required to use an acceptable method 
of birth control. All patients were informed about the purpose of this study, and written informed consent 
was obtained from all subjects. Complete confidentiality for each subject was provided throughout the study 
process.

  Study Design and Treatment Duration 
 This was a prospective, randomized, parallel-group, open-label, blinded-end point, active comparator, 

multicenter, 20-week titration study on the efficacy and safety of A/O versus L/H therapy in African-American 
subjects with hypertension and the cardiometabolic syndrome. After screening, patients were observed 
during a 3-week placebo run-in period. The subjects were then excluded from the study if their systolic BP 
exceeded 180 mm Hg and/or their diastolic BP exceeded 110 mm Hg during the run-in period. Otherwise, 
subjects were randomized 1:   1 to either A/O 5 mg/20 mg or L/H 50 mg/12.5 mg once daily for 2 weeks and 
then titrated to A/O 10 mg/40 mg or L/H 100 mg/25 mg once daily for 12 weeks. Subjects meeting a BP goal 
of <125/75 mm Hg after 14 weeks were maintained on their current regimen for an additional 6 weeks 
( fig. 1 ). Subjects not meeting the BP goal of <125/75 mm Hg on either regimen at week 14 were placed on 
A/O 10/40 plus hydrochlorothiazide (HCTZ) 25 mg (10/40/25) for the remainder of the study. BP is reported 
as intent-to-treat analysis. Therefore, data are analyzed based on the initial treatment intent and not the 
eventual treatment that the patients received. Pill counts were obtained at each visit to determine compliance. 
The study protocol was approved by the institutional review board prior to its implementation.

  Changes in brachial systolic and diastolic BP, central aortic pressure and endothelial function were the 
co-primary end points of the study. Brachial BP was measured at baseline and at each study visit in a sitting 
position from the nondominant arm as a mean of 3 consecutive measurements at 5-min intervals using an 
Omron sphygmomanometer. 

  Measurement of Central Aortic Blood Pressure and Pulse Wave Velocity 
 Radial artery applanation tonometry was used to measure central aortic pressure, pulse wave analysis 

and pulse wave velocity (PWV) in patients using SphygmoCor equipment and software (AtCor Medical, 
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  Fig. 1.  The AMORE Study: protocol and timeline. 
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Itasca, Ill., USA)  [17, 18] . Radial artery applanation tonometry measurements were obtained immediately 
following two measurements of brachial BP on the subject’s dominant arm while the patient was in a seated 
position. The PWV measurements were taken at baseline and during visits at weeks 14 and 20. By measuring 
the peripheral pressure pulse wave, BP in the ascending aorta (central aortic systolic BP) was determined, 
providing information about a subject’s degree of arterial stiffness and cardiac performance. PWV is a direct 
measure of aortic stiffness and has been shown to be a risk factor in a number of cardiovascular-related 
diseases. The carotid-femoral PWV measured in this study was determined by the mechanical properties of 
the aorta and a portion of the carotid artery, both of which are elastic arteries.

  Brachial Artery Reactivity Measured by Ultrasonography for Determining Endothelial Function 
 We determined the endothelium-dependent, flow-mediated dilation of the brachial arteries from two-

dimensional ultrasound images according to established and validated methodologies at baseline and at 
week 14. Images were obtained with a Hewlett Packard 8-mHz linear array transducer and an HP Image Point 
ultrasound system (HP, Andover, Mass., USA)  [19] . Each triggered event consisted of 3 sequential frames. 
This yielded a total of 12 images to be analyzed. The intima-media interface was chosen for both the near 
wall and the far wall of the artery. A linear portion of the vessel was analyzed. Measurements from the 12 
frames were averaged. The end point of measurement was the percent change in diameter in response to 
reactive hyperemia or nitroglycerin.

  Measurement of Biomarkers of Inflammation and Obesity 
 Plasma samples were drawn at baseline and at week 20. The samples were centrifuged and stored at 

–80   °   C until ready for analysis. An aliquot was drawn, and an enzyme immunoassay (Cayman Chemical, Ann 
Arbor, Mich., USA) for the markers soluble adiponectin and leptin was performed on each sample in triplicate. 
A total of 50 μl of serum was used for analysis, and enzyme immunoassay was performed as previously 
described  [14] . The levels of these biomarkers were determined on a plate reader at an optical density of 420 
nm. We found no interference of olmesartan, losartan, amlodipine, or HCTZ or its metabolites in these assays.

  Statistical Analysis 
 All values are presented as the mean ± standard deviation for continuous variables and as the percentage 

of total patients for categorical variables. The independent sample t test and analysis of variance (ANOVA) 
were used for comparison of continuous and categorical variables, respectively. A p value of <0.05 was 
considered statistically significant, and all p values were two-sided. Calculations were performed with SPSS 
software (version 10.0, SPSS, Chicago, Ill., USA).

  Results 

 Study Demographics 
 A total of 115 subjects were screened, of which 66 patients were randomized. The reason 

for the lower-than-expected randomization rate was that during the placebo run-in period, 
there was a substantial number of subjects whose systolic BP exceeded 180 mm Hg and/or 
whose diastolic BP exceeded 110 mm Hg. Of the randomized subjects, 50 patients (19 males 
and 31 females) completed the 20-week study. At week 14, 8 patients in the L/H treatment 
group did not meet the BP goal of <125/75 mm Hg and were switched to A/O 10/40 plus 
HCTZ 25 mg (10/40/25) for the remainder of the study. Additionally, 12 patients in the A/O 
group did not meet the BP goal of <125/75 mm Hg at week 14, and HCTZ was added to the 
treatment regimen for these patients for the remainder of the study. All patients met the BP 
goal at 20 weeks of treatment. Unwillingness to continue was the main reason for dropping 
out of the study. The follow-up of all patients was 100% complete.  Table 1  shows patient char-
acteristics and baseline demographics for those who completed the study.  Table 2  demon-
strates the changes in urine and serum biomarkers of oxidation, inflammation and renal 
function between the study groups.

http://dx.doi.org/10.1159%2F000355136


225Cardiorenal Med 2013;3:221–231

 DOI: 10.1159/000355136 

 Khan et al.: Changes in Central Aortic Pressure, Endothelial Function and Biomarkers in 
Hypertensive African-Americans with the Cardiometabolic Syndrome 

www.karger.com/crm
© 2013 S. Karger AG, Basel

  Analysis of Blood Pressure with the Two Treatment Groups 
  Figure 2  displays the systolic and diastolic BP of patients in the A/O versus L/H treatment 

groups. By 14 weeks of treatment, BP had reduced significantly in both groups and was 
further lowered at week 20. In the A/O group, there was a reduction in systolic BP of 34.6 ± 
4.2 mm Hg and in diastolic BP of 16.9 ± 2.0 mm Hg (baseline: 165/99 mm Hg; 14 weeks: 
140/86 mm Hg; 20 weeks: 130/82 mm Hg). In comparison to the A/O group, there was a less 
significant reduction in systolic BP of 27.0 ± 4.1 mm Hg and in diastolic BP of 12.3 ± 2.0 mm 
Hg (baseline: 162/97 mm Hg; 14 weeks: 137/84 mm Hg; 20 weeks: 135/84 mm Hg) at 20 
weeks of treatment in the L/H group. The 20-week changes in systolic (p = 0.012 A/O vs. L/H) 
and diastolic BP (p = 0.022 A/O vs. L/H) were statistically significant from baseline in both 
treatment groups.

  Changes in Endothelial Function in Response to A/O versus L/H Therapy 
 Concomitant with the reduction in BP, both treatment groups indicated a significant 

improvement in endothelial function ( fig. 3 ). The L/H group had an increase in endothelial 
function of 44% at 14 weeks of therapy (p < 0.001 vs. baseline). There was a more substantial 
increase in endothelial function in the A/O group of 103% versus baseline at 14 weeks of 
therapy (p < 0.005 vs. baseline; p < 0.005 vs. L/H).

Women, % 61.5
Age, years 50.0 ± 12.5
Systolic BP, mm Hg 148.8 ± 14.3
Diastolic BP, mm Hg 90.4 ± 8.2
BMI 36.4 ± 5.3
Total cholesterol, mg/dl 189.2 ± 36.7
LDL cholesterol, mg/dl 124.5 ± 35.5
HDL cholesterol, mg/dl 52.0 ± 14.2
Triglycerides, mg/dl 123.3 ± 63.9
Glucose, mg/dl 93.8 ± 14.5
Creatinine, mg/dl 0.9 ± 0.1
Bilirubin, mg/dl 0.5 ± 0.2

 Data are means ± SD, unless otherwise indicated. BMI = Body mass 
index; LDL = low-density lipoprotein; HDL = high-density lipoprotein. 

Table 2. Measurement of serum and urine biomarkers

L/H  A/O

baseline 14 weeks basel ine 14 weeks

PAI-1, ng/ml 245 ± 42 196 ± 33* 271 ± 35 189 ± 29*
Creatinine, mg/dl 0.9 ± 0.2 1.0 ± 0.2 1.0 ± 0.2 1.0 ± 0.3
Cystatin C, mg/l 0.83 ± 0.12 0.79 ± 0.16 0.79 ± 0.19 0.82 ± 0.14
HOMA-IR index 2.3 ± 0.4 2.1 ± 0.5 2.5 ± 0.4 1.9 ± 0.3*
Urine protein: creatinine, mg/mmol 22.6 ± 4.9 20.8 ± 3.8 18.0 ± 4.1 20.3 ± 3.4
Urine isoprostane, pg/ml 155 ± 51 170 ± 46 137 ± 32 145 ± 30

HOMA-IR = Homeostasis model assessment for insulin resistance; PAI-1 = plasma activator inhibitor-1.
* p < 0.05, significantly different from baseline.

Table 1.  Demographics and 
metabolic parameters of 
hypertensive African-Americans 
with the cardiometabolic 
syndrome
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  Effects of A/O versus L/H Therapy on Serum Leptin and Adiponectin 
  Figure 4  shows the levels of serum biomarkers at baseline and at week 20 in both 

treatment groups. To determine the modulating effects of A/O versus L/H treatment on circu-
lating molecule expression in the vasculature, serum leptin levels were measured as a marker 
of inflammation and obesity. Both treatment groups showed a reduction in serum leptin. 
There was a reduction in leptin of 22% in the L/H group (p = 0.045 vs. baseline) and a further 
reduction in leptin of 40% in the A/O group (p = 0.006 vs. baseline; p = 0.031 vs. L/H). To 
determine the effects of antihypertensive therapy on circulating markers of obesity, levels of 
serum adiponectin were measured. Following treatment with L/H, there was a nonsignificant 

×

180

160

140

120

100
Baseline

Sy
st

ol
ic

 B
P 

(m
m

 H
g)

×

Week 2

×

Week 8

×

Week 14

×

Week 20

× a
a

110

100

90

80

70
Baseline

D
ia

st
ol

ic
 B

P 
(m

m
 H

g)

×
×

Week 2

×
×

Week 8

×

Week 14

×
×

Week 20

× a
a

L/H
A/O×

×

×

×

× ×
×

×

20

18

16

14

10

12

2

4

6

8

0
Baseline

FM
D

 (%
 d

iff
er

en
ce

)

×

×

Week 14

×

× a

a, b

L/H
A/O×

×

  Fig. 2.  Effect of A/O versus L/H on systemic BP.  a  p < 0.005: the difference between baseline and 20 weeks 
(time comparison). 

  Fig. 3.  Effect of A/O versus L/H on 
flow-mediated dilation (FMD). 
Patients were randomized to ei-
ther A/O or L/H for a 14-week pe-
riod, and additional therapy as in-
dicated was given thereafter. 
Flow-mediated dilation studies 
using high-resolution ultrasound 
(detailed in the Methods section) 
were performed at baseline and 
at 14 weeks of therapy.  a  p < 
0.005: the difference between 
baseline and 20 weeks (time com-
parison).  b  p < 0.005: the dif-
ference between L/H and A/O 
(group comparison). 
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increase in serum adiponectin levels of 19%. However, treatment with A/O significantly 
increased serum adiponectin levels by 46% (p = 0.012 vs. baseline; p = 0.027 vs. L/H).

  Effects of A/O versus L/H Therapy on Pulse Wave Velocity and Central Aorta 
Augmentation Pressure 
 The effects of A/O versus L/H therapy on parameters of arterial compliance and vascular 

stiffness were determined at baseline as well as at 14 weeks and 20 weeks of therapy ( fig. 5 ). 
After 14 weeks, treatment with A/O reduced PWV by 22% (p = 0.011 time comparison), 
whereas L/H treatment had no significant effect. Central aorta augmentation pressure, a 
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  Fig. 5.  Effect of A/O versus L/H on PWV and central aorta augmentation pressure. Patients were randomized 
to either A/O or L/H for a 14-week period, and additional therapy as indicated was given thereafter to 20 
weeks of treatment. Radial artery applanation tonometry was used to measure central aortic pressure, pulse 
wave analysis and pulse wave velocity (PWV) in patients using SphygmoCor.  a  p < 0.005: the difference be-
tween baseline and 20 weeks (time comparison). 
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predictor of cardiovascular risk, was significantly reduced (p < 0.005 time comparison) with 
A/O by 42% and less effectively with L/H by 28% (p = 0.034 A/O vs. L/H). Similar results 
were observed at the 20-week time point. 

  Discussion 

 Though medical treatment has been effective in the treatment of hypertension, its inci-
dence continues to be high, particularly in African-American patients  [20, 21] . This study 
shows a substantial benefit of A/O combination therapy in hypertensive African-American 
patients with the cardiometabolic syndrome. In comparison to the L/H group, in the A/O 
group, systolic and diastolic BP reductions were significant and a higher number of patients 
were able to reach normotensive BP levels with therapy. 

  This was an intent-to-treat study, and at week 14, L/H patients who were not meeting BP 
goals were switched to the A/O group and HCTZ was added. Those patients who were in the 
A/O group and did not meet BP goals were additionally treated with HCTZ. Eight patients in 
the L/H group achieved the BP goal only after being switched to the A/O group. It can be 
speculated that, if these patients had not been switched over, the BP difference between the 
L/H and A/O groups would have been even more pronounced at 20 weeks of treatment. In 
the A/O group, 12 patients required HCTZ at week 14 to meet BP goals. The recent TRINITY 
study  [22]  provides evidence that the further addition of HCTZ to amlodipine and olmesartan 
is well tolerated and may be necessary for some patients, especially diabetics, to reach BP 
goals.

  In this study, we confirmed the differential effects of therapy on biomarkers of inflam-
mation and obesity. Moreover, we showed that the A/O treatment had selectively more 
powerful effects on affecting these levels than the L/H treatment. 

  More recently, research has focused on potential differences in arterial wall function 
between African-Americans and Caucasians and their impact on vascular homeostasis  [20, 
23] . Studies have demonstrated reduced NO-mediated vasodilation of forearm resistance 
vessels to mental stress and endothelium-dependent and -independent pharmacological and 
physiological stimuli  [24] . In this observation, flow-mediated dilation was significantly lower 
in age-matched African-Americans than in Caucasians (4.8 vs.8.9%, respectively; p < 0.0001), 
and nitroglycerin-mediated dilation was also significantly lower in African-Americans than 
in Caucasians (11 vs. 15%, respectively; p < 0.0002). Thus, healthy African-American males 
and females show reduced endothelium-dependent and -independent responsiveness of 
blood vessels in than Caucasians. Body mass index has been shown to be inversely correlated 
with endothelium-independent responses  [20] . These findings expand our understanding of 
racial differences in vascular function and indicate a mechanistic explanation for the increased 
incidence and severity of cardiovascular disease observed in African-Americans. This dimin-
ished response to vasodilators may result in a decreased pattern of hemodynamic reactivity 
that leads, in the long term, to increased vascular tone and hypertension. Importantly, the 
impact of the metabolic syndrome demonstrates progressive impairment of flow-mediated 
dilation with increasing exposure to risk factors for the metabolic syndrome  [25] .

  Proinflammatory mechanisms are thought to be a hallmark of the cardiovascular disease 
process, notably in disease states such as hypertension. These findings are often exacerbated 
by the increasing prevalence of obesity worldwide. Obesity is frequently accompanied by 
high plasma levels of nonesterified fatty acids that cause insulin resistance in skeletal muscles 
and overload the liver with lipids, producing fatty liver and atherogenic dyslipidemia  [25] . 
Fat accumulation in the liver may also stimulate hepatic cytokine production and lead to 
higher levels of proinflammatory markers. Taken together, the abnormal proinflammatory 
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state leads to a worsening of metabolic control, abnormal vascular function and, eventually, 
cardiovascular and renal diseases  [8, 13] .

  Multiple pharmacological agents are approved in the United States for the treatment of 
hypertension and by differing mechanisms of action. Often, single-drug therapy does not 
adequately lower BP, and combination therapies are prescribed  [26] . The combination of 
amlodipine and olmesartan has been shown to result in a significant BP lowering as compared 
to either amlodipine or olmesartan alone  [27–29] . Additionally, the antioxidative and anti-
inflammatory-mediated mechanisms of action observed with the combination of olmesartan 
and amlodipine may be beneficial in reducing the progression of insulin resistance, diabetes 
mellitus and cardiovascular diseases  [30–33] .

  Lifestyle changes, including an increased prevalence of obesity and the metabolic 
syndrome, contribute to the incidence of hypertension  [34, 35] . At the environmental level, 
barriers to healthy lifestyles include lack of access to exercise facilities at work or in the 
community, lack of bicycle and walking paths as well as high traffic and crime in urban settings 
that prevent access to safe walking areas. For individual African-Americans, overall perceived 
and real barriers to engage in exercise and healthy diets may outweigh perceived positive 
outcomes of total lifestyle changes, underscoring the importance of individual effective 
problem solving to reduce barriers and information to influence outcome  [36, 37] .

  Limitations of the Study 
 Our investigation was a single-center, short-term study (20 weeks of therapy) to 

determine the potential mechanisms by which combination therapy with amlodipine and 
olmesartan may be effective in a high-risk African-American population with hypertension 
and the cardiometabolic syndrome. This was an open-label study; all study patients received 
treatment, and there was no control group. Because of the lack of a BP control, we cannot 
discount the fact that the beneficial effects observed with the two treatment groups may be 
in part a result of BP reduction. Furthermore, the present findings do not clearly demonstrate 
the cause(s) for the more powerful anti-inflammatory and antioxidant effect observed in the 
A/O group. It could result from the differences between the two angiotensin receptor blockers 
(olmesartan vs. losartan), the difference between a calcium channel blocker (amlodipine) and 
a diuretic (HCTZ), and/or a more significant BP reduction in the A/O group. Any combination 
of the above reasons constitutes a plausible explanation. Due to the small sample size, we 
were not able to evaluate differences among various subsets within our study population. The 
subjects in our study are at significant risk for the development of cardiovascular and renal 
disease and its related complications. The placebo run-in period demonstrated a substantial 
number of subjects who failed achieving the BP goal because of a significant rise in BP off 
antihypertensive therapy. Therefore, these results may not be applicable to lower-risk popu-
lations.

  Conclusions 

 As many as 30% of adult African-Americans are obese and may have characteristics of 
the metabolic syndrome (a constellation of factors including obesity, hypertension, dyslip-
idemia and diabetes)  [34] . These findings imply that the use of a combination therapy with 
an angiotensin receptor antagonist and a calcium channel blocker in hypertensive African-
Americans with the cardiometabolic syndrome results in significant BP reduction as well as 
positive vascular changes, thereby protecting against the development of cardiovascular and 
renal disease. The long-standing problem of hypertension in African-Americans is exacer-
bated with the growing incidence of obesity and the subsequent cardiometabolic syndrome. 
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