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Therapies that lower blood pressure (BP) or lipid levels slow 
the progression of atherosclerosis and reduce morbidity and 
mortality in patients with hypertension or atherosclerotic 
disease.1–6 The Anglo-Scandinavian Cardiac Outcomes Trial 
(ASCOT) demonstrated an additive benefit of combined 
 antihypertensive and lipid-lowering therapy on coronary 
events and stroke in hypertensive patients with ≥3 cardio-
vascular risk factors and total cholesterol levels ≤251 mg/dl 
(≤6.5 mmol/l).1,7,8 Endothelial dysfunction, with associated 

changes in vascular function and structure, is a risk factor for 
cardiovascular events through its contribution to the develop-
ment of atherosclerotic vascular disease.9 Stiffening of small 
arteries occurs early in endothelial dysfunction and contrib-
utes to abnormal pressure oscillations or reflections within the 
arterial tree.10 Recent data suggest that reduced small artery 
compliance is a marker for endothelial dysfunction11 and a 
risk predictor for cardiovascular events independent of age 
and BP.12

Previous investigations have demonstrated improved 
endothelial function and arterial compliance with statins 
and some antihypertensive drugs.13–15 Small vessel arterial 
 compliance has been reported to improve with angiotensin-
converting enzyme inhibitors, angiotensin receptor block-
ers, and calcium channel blockers, but not consistently with 
β-blockers or diuretics.15–18 To our knowledge, no large-scale, 
placebo-controlled, or multicenter trials have examined the 
time course of drug therapy on arterial compliance or whether 
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Background
Combining statins with antihypertensive therapy has been 
demonstrated to provide an early reduction in cardiovascular events. 
This nested substudy of the aVaLON trial assessed the effects of 
coadministered amlodipine and atorvastatin vs. either therapy alone 
or placebo on arterial compliance, to evaluate the vascular benefits of 
coadministered therapy.

Methods
During an initial 8-week, double-blind phase, patients with 
concomitant hypertension and dyslipidemia were randomized 
into four treatment groups (placebo, amlodipine 5 mg, atorvastatin 
10 mg, or coadministered amlodipine 5 mg and atorvastatin 
10 mg). The sustained effect of combined therapy was evaluated 
during subsequent 8-week, single-blind, and 12-week, open-label 
periods. In the single-blind phase, all patients were coadministered 
amlodipine 5 mg and atorvastatin 10 mg, which were then titrated 
to optimize blood pressure and low-density lipoprotein cholesterol 

control during the open-label phase. arterial compliance was 
assessed every 4 weeks using the HDI/Pulsewave CR-2000.

results
Overall, 668 patients (61% male, mean age 55 years) were 
randomized to treatment. a 19% improvement in small artery 
compliance (C2) was observed with coadministered amlodipine 
and atorvastatin from baseline to week 8, which was significantly 
greater than with either treatment alone or with placebo (P = 0.03 to 
0.0001). after 28 weeks, C2 was increased from baseline in all groups, 
but the overall improvement was greatest in the group receiving 
coadministered drugs for the entire study period (P < 0.05).

conclusions
Early and sustained improvement in small artery compliance was 
observed following coadministration of amlodipine and atorvastatin, 
thus demonstrating a vascular benefit with simultaneous treatment 
of hypertension and dyslipidemia.
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additional vascular benefit occurs with coadministered anti-
hypertensive and lipid-lowering therapy. Both amlodipine and 
atorvastatin have independently been noted to exert favorable 
effects on arterial compliance and endothelial dysfunction.15 
However, their additive benefits have not been thoroughly 
evaluated in a placebo-controlled trial.

The AVALON arterial wall compliance (AWC) trial was a 
nested substudy of the larger AVALON trial,19 which inves-
tigated the efficacy and safety of coadministered amlodipine 
and atorvastatin in hypertensive patients with dyslipidemia. 
The AWC substudy assessed the effects of coadministered 
amlodipine and atorvastatin vs. either therapy alone or vs. pla-
cebo on arterial compliance, to evaluate the vascular benefits 
of coadministered therapy.

Measurements of arterial compliance were made during an 
initial 8-week, double-blind phase, and during subsequent 
8-week, single-blind, and 12-week, open-label periods. These 
later phases were designed to confirm any vascular benefits 
observed in the double-blind phase and to determine if early 
vascular effects were sustained or enhanced during longer-
term therapy.

Methods
Study population. The AVALON trial19 was a multicenter, ran-
domized, controlled trial conducted in the United States and 
Canada between 14 February 2001 and 25 August 2004. The 
AVALON study recruited men and women, aged 18−75 years 
with a diagnosis of concomitant hypertension (systolic blood 
pressure (SBP) 130−179 mm Hg and/or diastolic blood pressure 
(DBP) 85−109 mm Hg) and dyslipidemia (low-density lipopro-
tein cholesterol (LDL-C) 101−250 mg/dl (2.6−6.5 mmol/l)). 
Patients were included in the AVALON-AWC substudy if they 
were enrolled from the AWC centers, which were supplied 
with AWC measurement capability.

In the AVALON-AWC substudy, patients with high car-
diovascular risk (assigned to Group III in the main AVALON 
trial;19 defined as those with hypertension (SBP >130 mm Hg) 
and dyslipidemia (LDL-C >100 mg/dl), and coronary heart 
disease (CHD), diabetes mellitus, or other atherosclerotic 
 disease) were not permitted to have received lipid-lowering 
treatment within 6 weeks before screening, but could have been 
on prior antihypertensive medications. The lower risk patients  
(Groups I and II in AVALON;19 defined as those with hyperten-
sion (SBP >140 mm Hg) and dyslipidemia (LDL-C >130 mg/dl) 
but no CHD or diabetes mellitus) could not have received lipid- 
lowering treatment or antihypertensives (except for diuretics or 
β-blockers) within 3 months before screening. Patients taking 
antihypertensive therapies underwent a 2- to 6-week washout 
period before the double-blind phase. Antihypertensive thera-
pies in addition to the study medications and drugs known 
to affect lipid levels or alter the absorption/metabolism of the 
study medications were not permitted during the study.

AVALON-AWC conformed to Good Clinical Practice guide-
lines and was consistent with the Declaration of Helsinki. All 
patients provided written, informed consent, and each local 
institutional review board approved the protocol.

Study procedures. The AVALON study included three con-
secutive treatment phases. In an initial 8-week, randomized, 
double-blind, double-dummy, placebo-controlled phase, 
patients were randomized to one of four once-daily  treatment 
groups: placebo + placebo (Group 1), amlodipine 5 mg + 
 placebo (Group 2), atorvastatin 10 mg + placebo (Group 3), 
or amlodipine 5 mg + atorvastatin 10 mg (Group 4; Figure 1). 
The second phase was an 8-week, single-blind treat-
ment phase, during which all patients received once-daily 
amlodipine 5 mg + atorvastatin 10 mg (Figure 1). Finally, 
during a 12-week, open-label phase, treatment could be up-
titrated to the maximum doses of amlodipine (10 mg) and 
atorvastatin (80 mg) to achieve Joint National Committee 
VI BP20 and National Cholesterol Education Program Adult 
Treatment Panel III LDL-C goals (Figure 1).21 AWC substudy 
patients underwent BP, LDL-C, and AWC measurements 
every 4 weeks from baseline (week 0) to week 28.

AWC measurements. Radial arterial pulse waves were recorded 
noninvasively in the supine position, with the head of the bed 
elevated at 45 °, after a 5- to 10-min rest period. A piezoelectric 
acoustic transducer was applied to the radial artery supported 

Patients randomized to
8-week double-blind period

Group 1
Placebo 

+ Placebo

ITT: n = 183  
Discontinued: n = 10 
Completed: n = 173 

Group 2
Amlodipine 5 mg 

+ Placebo

ITT: n = 159 
Discontinued: n = 5 
Completed: n = 154 

Group 3
Atorvastatin 10 mg 

+ Placebo 

ITT: n = 155 
Discontinued: n = 3 
Completed: n = 152 

Group 4
Amlodipine 5 mg + 
Atorvastatin 10 mg

ITT: n = 171 
Discontinued: n = 9 
Completed: n = 162 

Week 0

ITT: n = 641
Discontinued: n = 28

(9 in Group 1; 4 in Group 2; 6 in Group 3; 9 in Group 4)
Completed: n = 613 

12-week open-label phase*
Amlodipine 5–10 mg +
Atorvastatin 10–80 mg

Titrated to reach BP/LDL-C goals

Week 16

Week 28

Week 8 8-week single-blind phase
Amlodipine 5 mg +
Atorvastatin 10 mg

ITT: n = 613
Discontinued: n = 44

(10 in Group 1; 14 in Group 2; 13 in Group 3; 7 in Group 4)
Completed: n = 569

Figure 1 | aVaLON-aWC substudy: design and patient disposition. 
*amlodipine 5 mg and atorvastatin 10 mg once daily for the 8-week,  
single-blind period, up-titrated to a maximum dose of amlodipine (10 mg) 
and atorvastatin (80 mg), as required, during subsequent 12 weeks to achieve 
Joint National Committee VI blood pressure (BP) and National Cholesterol 
Education Program adult Treatment Panel III low-density lipoprotein 
cholesterol (LDL-C) targets. arterial wall compliance measurements using the 
HDI/Pulsewave CR-2000 device were obtained at baseline (week 0) and weeks 
4, 8, 12, 16, 24, and 28. ITT, intent-to-treat.
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by a stabilizing device around the patient’s forearm (HDI/
Pulsewave CR-2000 CV Profiler, Hypertension Diagnostics, 
Eagan, MN). Recorded waveforms were calibrated by the oscil-
lometric method using a BP cuff on the contralateral arm and 
an internal device calibration system. Radial artery waveforms 
were recorded for 30 s and digitized at 200 samples per second. 
Two valid arterial compliance readings were obtained for each 
patient with each procedure. Diastolic waveform characteristics 
after the incisura were analyzed to identify exponential decay 
and decaying sinusoidal wave which characterizes systemic 
reflections or oscillations. Pulse waveforms used for compli-
ance measurements were analyzed using a modified Windkessel 
model. This model includes two compliance elements (referred 
to as C1 (large artery elasticity) and C2 (small artery elasticity)) 
combined with inertia and resistance elements.22

Study outcomes. The primary objective was to compare changes 
in small artery compliance (C2) among the treatment groups 
after 8 weeks of double-blind treatment. Secondary measures 

involved assessment of the long-term effect (up to 28 weeks) of 
coadministered amlodipine and atorvastatin on C1 and C2.

Statistical analysis. Patients with ≥1 postbaseline AWC 
 measurement were included in the AWC subanalysis. Last 
observation was carried forward for patients withdrawing 
prior to completion.

The sample size, based on a two-sided t-test (α = 0.05), was 
calculated a priori for the primary outcome, such that a  sample 
size of 158 patients per treatment group would have ~94% 
power to detect a treatment difference of at least 12.5% with 
coadministered amlodipine and atorvastatin vs. placebo in the 
mean C2 change from baseline to week 8.

Changes in arterial compliance from baseline to week 8 were 
analyzed using analysis of covariance with treatment as the 
main factor and baseline arterial compliance as the covariate. 
Changes in C1 and C2 were compared between  coadministered 
therapy and placebo by constructing appropriate contrasts 
from the analysis of covariance model. The least squares mean 

table 1 | demographic and baseline characteristics

Characteristic
Overall  

(n = 668)

Double-blind treatment group (weeks 0–8)

P value  
between  
groups

Group 1 Group 2 Group 3 Group 4

Placebo  
(n = 183)

Amlodipine  
(n = 159)

Atorvastatin  
(n = 155)

Amlodipine + 
atorvastatin  

(n = 171)

Gender, n (%)

 Male 405 (60.6) 113 (61.7) 88 (55.3) 89 (57.4) 115 (67.3)

 Female 263 (39.4) 70 (38.3) 71 (44.7) 66 (42.6) 56 (32.7) 0.12

 age (years), mean (s.d.) 55.2 (9.5) 55.3 (9.3) 55.8 (10.0) 54.7 (8.9) 55.1 (9.8) 0.78

Race, n (%)

 White 555 (83.1) 150 (82.0) 134 (84.3) 128 (82.6) 143 (83.6)

 Black 66 (9.9) 17 (9.3) 13 (8.2) 17 (11.0) 19 (11.1)

 asian 14 (2.1) 3 (1.6) 3 (1.9) 2 (1.3) 6 (3.5)

 Other 33 (4.9) 13 (7.1) 9 (5.7) 8 (5.2) 3 (1.8) 0.46

Weight (kg), mean (s.d.)

 Male 94.1 (17.5) 93.4 (17.3) 92.3 (17.4) 96.4 (18.1) 94.4 (17.3)

 Female 82.0 (17.0) 81.8 (16.9) 80.4 (17.1) 82.7 (17.1) 83.3 (17.0) 0.22

Blood pressure (mm Hg), mean (s.d.)

 SBP 146.9 (11.2) 147.0 (11.0) 147.7 (10.3) 146.7 (11.1) 146.3 (12.3) 0.72

 DBP 92.6 (6.6) 93.0 (5.3) 92.8 (7.0) 91.8 (7.2) 92.7 (6.7) 0.39

 MaP 110.7 (6.2) 111.0 (5.4) 111.1 (6.4) 110.1 (6.6) 110.5 (6.4) 0.45

 PP 54.3 (12.0) 54.0 (11.7) 54.9 (11.2) 54.9 (11.9) 53.7 (13.2) 0.74

LDL-C (mg/dl), mean (s.d.) 163.6 (24.7) 163.0 (23.7) 164.5 (25.9) 161.7 (24.7) 165.4 (24.7) 0.55

C1 (ml/mm Hg × 10)

 Mean (s.d.) 12.5 (4.1) 12.4 (3.8) 12.0 (4.5) 12.7 (4.0) 12.7 (4.1) 0.35

 Range 3.4–29.2 4.3–23.1 3.7–29.2 5.0–24.9 3.4–25.6

C2 (ml/mm Hg × 100)

 Mean (s.d.) 4.5 (2.5) 4.7 (2.6) 4.3 (2.3) 4.5 (2.5) 4.6 (2.5) 0.38

 Range 1.0–16.0 1.2–13.5 1.00–16.0 1.2–14.9 1.7–12.7

C1, large artery compliance (oscillatory compliance); C2, small artery compliance (capacitive compliance); DBP, diastolic blood pressure; LDL-C, low-density lipoprotein cholesterol; MAP, 
mean arterial pressure; PP, pulse pressure; SBP, systolic blood pressure; s.d., standard deviation.



140   FEBRUaRy 2009 | VOLUME 22 NUMBER 2 |  AMERICAN JOURNAL OF HYPERTENSION

articles Amlodipine/Atorvastatin on Arterial Wall Compliance

within the analysis of covariance model was used for testing 
changes in C1 and C2 from baseline to week 28 within each 
treatment group. Additionally, Pearson’s correlation coefficient 
analysis was used to assess the relationship between changes in 
arterial compliance variables (C1, C2) and changes in BP and 
LDL-C for all patients combined.

Pulse pressure (PP) was calculated as the difference between 
SBP and DBP. Mean arterial pressure (MAP) was calculated as 
((2 × DBP) + SBP)/3.

results
Patients
Of 848 patients randomized in AVALON, 668 patients from 
103 centers participated in AVALON-AWC and were included 
in the intent-to-treat population. Among these patients, 183 
received placebo + placebo (Group 1), 159 received amlodipine 
5 mg + placebo (Group 2), 155 received atorvastatin 10 mg + 
placebo (Group 3), and 171 received coadministered amlodi-
pine 5 mg + atorvastatin 10 mg (Group 4). Overall, 641 patients 
completed the double-blind phase of the study, and 569  
completed the full 28 week study period (Figure 1).

Patients were aged between 24 and 76 years (mean age, 
55.2 years) and 60.6% were male. Baseline values for SBP, 
DBP, and LDL-C were similar across all 4 treatment groups 
(Table 1). Baseline arterial compliance measurements (C1 and 
C2) were comparable across treatment groups.

effect of treatment on small artery compliance (c2)
After 8 weeks of double-blind therapy, C2 values were unchanged 
from baseline in patients receiving placebo or atorvastatin 10 mg 
(Figure 2a). However, patients receiving amlodipine 5 mg alone 

or in combination with atorvastatin 10 mg demonstrated signifi-
cant increases in C2 from baseline vs. placebo (P = 0.023 and 
P < 0.0001, respectively). At week 8, patients coadministered 
amlodipine 5 mg + atorvastatin 10 mg had a 19.3% increase in 
C2 compared with 11.7% in those receiving amlodipine alone  
(P = 0.03), 3.1% for atorvastatin alone (P < 0.001), and −1.3% 
for placebo (P < 0.0001).

Subsequent changes in C2 from week 8 to week 16 and to 
week 28 are shown in Figure 3a. Patients receiving placebo 
alone during the double-blind phase exhibited an increase in 
C2 at week 16 after being switched to amlodipine 5 mg and 
atorvastatin 10 mg, thus confirming the benefits of combined 
therapy identified in the 8-week, double-blind phase. A similar 
increase in C2 was observed in the group who had been treated 
with atorvastatin alone during the double-blind phase.

At week 28, improvements in C2 were maintained in all patient 
groups (Figure 3a). Patients coadministered amlodipine + 
atorvastatin for the entire study exhibited significantly greater 
improvement in C2 compared with all the other groups  
(P < 0.05).

effect of treatment on large artery compliance (c1)
Following 8 weeks of double-blind treatment, C1 values 
were unchanged in patients receiving placebo or atorvastatin 
10 mg, compared with baseline (Figure 2b). However, patients 
 receiving amlodipine 5 mg, or coadministered amlodipine 
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5 mg + atorvastatin 10 mg showed significant increases in C1 
of 10.3% and 10.0%, respectively, from baseline compared 
with placebo (both P < 0.05). Coadministration of amlodipine 
+ atorvastatin resulted in an increase in C1 similar to that of 
amlodipine alone (P = 0.61; Figure 2b).

Patients who received placebo or atorvastatin 10 mg for the 
first 8 weeks exhibited an increase in C1 at week 16 when tak-
ing amlodipine 5 mg + atorvastatin 10 mg during the single-
blind treatment phase. At week 16, patients coadministered 
amlodipine 5 mg + atorvastatin 10 mg during the double-blind 
phase had a small increase in C1, however those receiving 
amlodipine 5 mg alone during double-blind treatment had a 
small, nonsignificant reduction. At week 28, after investigator 
initiated up-titration of amlodipine and atorvastatin, C1 was 
similar in all treatment groups (Figure 3b).

effect on BP and ldl-c
After 8 weeks, SBP and DBP reductions with amlodipine 
5 mg or coadministered amlodipine 5 mg + atorvastatin 
10 mg were comparable and greater than placebo (P < 0.0001; 
Figure 4a). Similarly, changes in MAP were comparable in the 
amlodipine (−10.9 mm Hg) and coadministered amlodipine + 
atorvastatin (−10.1 mm Hg) groups, although PP was reduced 
slightly more with amlodipine alone (−6.5 mm Hg) than with 
amlodipine + atorvastatin (−4.3 mm Hg) at week 8 (P = 0.04). 
Changes in MAP and PP with atorvastatin were comparable 
to placebo.

At weeks 16 and 28, during the period in which all 
patients were receiving amlodipine, there were no signifi-
cant differences in mean changes in SBP or DBP between 
treatment groups. At week 16, mean SBP ranged from 132.7 
to 133.8 mm Hg and DBP from 83.7 to 84.8 mm Hg. At 
week 28, BP was slightly lower, with mean SBP ranging from 
130.7 to 131.1 mm Hg and DBP from 81.9 to 82.6 mm Hg. 
MAP and PP were also comparable between treatment 
groups at weeks 16 and 28 with no significant differences 
between groups.

At week 8, coadministered amlodipine 5 mg + atorvastatin 
10 mg or atorvastatin 10 mg treatment alone had significantly 
greater effects on LDL-C compared with amlodipine alone or 
with placebo (P < 0.001 for both; Figure 4b). Coadministered 
amlodipine 5 mg + atorvastatin 10 mg led to a small, yet signifi-
cantly greater reduction in LDL-C compared with atorvastatin 
10 mg alone (P < 0.01); while patients treated with amlodipine 
alone exhibited a small, marginally significant reduction in 
LDL-C (P = 0.057; Figure 4b). Full details of the BP and lipid 
changes and patients who reached their treatment goals in the 
AVALON trial have been reported elsewhere.19

relationship between aWc and BP or ldl-c
A modest negative correlation was observed between a reduc-
tion in BP (SBP, DBP, MAP, and PP) and LDL-C and an 
increase in C2. A slightly stronger relationship was demon-
strated between the fall in SBP and MAP and an increase in 
C1, but there was no relationship between change in LDL-C 
and change in C1 (Table 2).

discussion
The AVALON-AWC study demonstrates that in patients with 
hypertension and dyslipidemia amlodipine mediates early 
increases in small artery compliance (C2) vs. placebo, and that 
the coadministration of atorvastatin with amlodipine produces 
a more-than-additive increase in this response. Since BP has a 
major effect on large artery compliance (C1),23 the increase in 
C1 with amlodipine but not atorvastatin can be attributed to 
differential BP lowering.

The observation that combination therapy has more than 
an additive effect on small artery compliance but not on large 
artery compliance can be explained by the differences between 
the factors controlling large and small artery function. Small 
artery compliance is influenced predominantly by vascular 
tone and structure, whereas large artery compliance is influ-
enced more by arterial pressure and structure.24 Potential syn-
ergistic effects on endothelial function mediated by short-term 
coadministration of amlodipine and atorvastatin may therefore 
be exerted primarily on the functionally sensitive, thin-walled 
small arteries,11 whereas thick-walled large artery function 
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Figure 4 | Least squares (LS) mean change in (a) blood pressure (BP) and 
(b) low-density lipoprotein cholesterol (LDL-C), from week 0 (baseline) to 
week 8. *P < 0.0001 vs. Group 1; †P < 0.0001 vs. Group 3; ‡P = 0.0571 vs.  
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table 2 | Pearson’s correlation analysis between the changes in 
arterial compliance measures and the changes in blood pressure 
or low-density lipoprotein cholesterol at week 8 (all patients)

C1 C2

R P value R P value

SBP (n = 640) −0.22 <0.0001 −0.18 <0.0001

DBP (n = 640) −0.16 0.0001 −0.18 <0.0001

MaP (n = 640) −0.21 <0.0001 −.20 <0.0001

PP (n = 640) −0.16 <0.0001 −0.088 0.027

LDL-C (n = 615) −0.018 0.65 −0.11 0.007

C1, large artery compliance (oscillatory compliance); C2, small artery compliance 
(capacitive compliance); DBP, diastolic blood pressure; LDL-C, low-density lipoprotein 
cholesterol; MAP, mean arterial pressure; PP, pulse pressure; SBP, systolic blood pressure.
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is more responsive to the amlodipine-mediated changes in 
BP. These differences are supported by the slightly stronger 
 correlation between C1 and BP change than C2 and BP change 
in this study. Additional structural effects on the small arteries 
may become apparent by 28 weeks, but changes in the struc-
ture of the larger arteries may take longer to develop.

Our results are consistent with a small study by Leibovitz 
et al.15 that demonstrated improvements in small artery 
 compliance with amlodipine and atorvastatin at similar 
doses (amlodipine mean dose 5.6 mg; atorvastatin mean dose 
12.7 mg) to those used in this study. Leibovitz et al.15 showed 
that coadministration of amlodipine plus atorvastatin for 
12 weeks led to an additional increase of 42% in C2 compared 
with amlodipine alone.

During the single-blind and open-label phases of the study 
from 8 to 28 weeks, when all patients were receiving combi-
nation therapy, there was a rise in C1 and C2 in all treatment 
groups, consistent with the effects observed in the first 8 weeks 
in the coadministered amlodipine + atorvastatin group. The 
rise in small artery compliance demonstrated within 8 weeks 
of instituting drug therapy is consistent with a functional effect 
on the vascular wall. However, the benefits on small artery 
compliance were more pronounced at 28 weeks among those 
receiving both amlodipine and atorvastatin throughout the 
study than in those started on placebo or either therapy alone. 
Because small artery compliance is reduced both by vasocon-
striction and by structural alterations leading to remodeling 
of the microcirculation,25 the trend for C1 and C2 to rise fur-
ther during the last few months of the study could be related to 
 several mechanisms: (i) better BP or lipid control; (ii) higher 
doses of the pharmacologic agents exerting effects unrelated 
to BP or lipids, such as anti-inflammatory effects;26 or (iii) 
the influence of more slowly developing structural changes. 
Longer-term controlled studies and investigations after short-
term withdrawal of therapy would be needed to separate 
short-term functional from longer-term structural effects of 
combination therapy.

In this study, we utilized radial artery pulse-wave analy-
sis to monitor AWC.27 This technique analyzes the diastolic 
decay of the waveform and provides a distinction between 
large,  conduit artery stiffness and that of the small arteries that 
serve as sites of oscillations and reflected waves in the arte-
rial  circulation. The baseline compliance value for C1 aver-
aged ~12.5 ml/mm Hg × 10, a low-normal value (for patients 
with mean age of 55.2 years, normal C1 = male >11.0, female 
>10.0 ml/mm Hg ×10).27 Our findings are therefore consistent 
with the modest stiffening effect of elevated BP on large arteries. 
In contrast, the abnormally low measure for C2 at baseline (study 
mean = 4.5 ml/mm Hg; normal C2 = male >7.0, female >5.0 ml/
mm Hg × 100)27 is consistent with the small artery abnormality 
characteristic of hypertension.28 This study also demonstrated 
the stability of the AWC measurements since patients rand-
omized to placebo (n = 183) exhibited no  significant change in 
either C1 or C2 at 4 (data not shown) or 8 weeks.

Amlodipine and atorvastatin reduce the incidence of car-
diovascular events in a variety of patients.1–4,6 This efficacy 

has been assumed to be based on different mechanisms: BP 
reduction with amlodipine and LDL-C reduction with ator-
vastatin. The lipid-lowering arm of ASCOT (ASCOT–LLA)7 
demonstrated that atorvastatin treatment, in addition to an 
amlodipine- or atenolol-based antihypertensive regimen, 
resulted in significant reductions in nonfatal myocardial inf-
arction and fatal CHD (36%), stroke (27%), all coronary 
events (29%), and all cardiovascular events and procedures 
(21%) when compared with antihypertensive treatment 
without  statin therapy.7 However, the efficacy of atorvasta-
tin appeared to be greater when given to patients receiving 
amlodipine-based antihypertensive therapy than those treated 
with atenolol-based therapy, despite similar reductions in BP. 
This suggests that there may be a treatment-specific effect with 
the combination of amlodipine and atorvastatin.8

Since reduced C2 is an independent marker for cardio-
vascular morbidity and mortality12 the observed increase 
in C2 with coadministered amlodipine and atorvastatin in 
AVALON-AWC supports the hypothesis that the benefit of 
both amlodipine and atorvastatin on cardiovascular events 
may be, at least in part, mediated by this effect on vascular 
function.29,30 Increased small artery compliance associated 
with amlodipine therapy alone at 8 weeks is potentially indica-
tive of an improvement in vascular tone, most likely related 
to improved endothelial function that has previously been 
demonstrated with amlodipine treatment.31 The significantly 
greater improvement in small artery compliance with coad-
ministered atorvastatin, which did not by itself significantly 
improve small artery compliance at 8 weeks and also did not 
further reduce BP, is consistent with a more-than-additive 
effect of the two drugs on endothelial function. The  additive 
effect of combined antihypertensive and lipid-lowering 
 therapy has previously been demonstrated in vitro, whereby 
coadministered amlodipine and atorvastatin stimulated nitric 
oxide release from human endothelial cells in a synergistic 
fashion, independently of effects on LDL-C or BP levels.29,30 
Furthermore, studies in mice have revealed that the addition of 
amlodipine at a dose that did not affect BP levels, significantly 
enhanced the effect of atorvastatin to inhibit the development 
of atherosclerosis.32

The Conduit Artery Function Evaluation (CAFÉ) substudy 
of ASCOT33 demonstrated a benefit of amlodipine-based 
therapy compared with atenolol-based therapy on calculated 
central aortic pressure, which the authors suggest may account 
for the observed decreases in cardiovascular events with an 
amlodipine- vs. atenolol-based antihypertensive regimen in 
the BP lowering arm of ASCOT (ASCOT–BPLA).1 A recent 
subanalysis of CAFÉ among patients in ASCOT–LLA (CAFÉ–
LLA) indicated that the addition of atorvastatin did not 
 significantly influence central aortic pressure, thus suggesting 
that the benefit of atorvastatin in ASCOT–LLA was not due to 
pressure-related mechanisms.34

The AVALON-AWC study provides new insights into the 
vascular and pressure benefits of combined amlodipine and 
atorvastatin therapy. Reflected waves emanating from  stiffened 
small arteries will augment late systolic aortic pressure if 
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transmitted rapidly back to the root of the aorta. An increase 
in small artery compliance will reduce the magnitude of the 
waves, whereas an increase in large artery compliance will 
reduce pulse-wave velocity and delay arrival in the root of the 
aorta. Since amlodipine increases both large and small artery 
compliance it would be expected to reduce central pressure 
augmentation, whereas the addition of atorvastatin, which 
has no effect on pressure or large artery compliance, will have 
no such effect. Nonetheless, the improvement in endothelial 
function leading to the increase in small artery compliance 
produced by the drug combination may account for the benefit 
in outcomes.35 Indeed, the central BP benefit of amlodipine in 
CAFÉ may be largely an epiphenomenon and not the primary 
mechanism of the clinical benefit of the therapy.

Despite these extensive confirmatory data on the complemen-
tary vascular effects of atorvastatin combined with amlodipine, 
limitations in the data from the current study mandate some 
caution in interpretation. Although the increase in small 
artery compliance at 8 weeks was significantly greater in the 
amlodipine–atorvastatin group than in the amlodipine-alone 
group, the interaction statistic was not significant, thus not 
mathematically confirming a synergistic effect. Furthermore, 
addition of open-label atorvastatin to amlodipine therapy from 
8 to 16 weeks did not produce a further increase in small artery 
compliance. Therefore, further vascular studies would be help-
ful in documenting this interaction.

The AVALON-AWC study has provided an opportunity to 
document the vascular effects of amlodipine and atorvasta-
tin. The results support an early improvement in endothelial 
dysfunction associated with amlodipine therapy and a more-
than-additive effect of concomitant atorvastatin therapy on 
the basis of observed increases in small artery compliance. The 
AVALON-AWC study strongly suggests that a greater early 
vascular benefit can be obtained from simultaneous treatment 
with amlodipine and atorvastatin, vs. either agent alone, in 
patients with hypertension and dyslipidemia.
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