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Reaching Recommended Lipid and Blood Pressure
Targets With Amlodipine/Atorvastatin Combination in

Patients With Coronary Heart Disease
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The effects of combined atorvastatin and amlodipine
on blood pressure (BP) and low-density lipoprotein
(LDL) cholesterol levels were investigated in 134 pa-
tients with documented coronary heart disease
treated for 1 year. BP at baseline was 128 � 15/79
� 9 mm Hg and was controlled by the treating phy-
sician; no calcium channel blockers were allowed.
Baseline means for plasma cholesterol were 6.4 �
1.1 mmol/L (147 � 39 mg/dl), triglycerides 2.0 �
0.9 mmol/L (177 � 88 mg/dl), LDL cholesterol 4.4 �
1.0 mmol/L (170 � 39 mg/dl), and high-density
lipoprotein cholesterol 1.2 � 0.3 mmol/L (46 � 12

mg/dl). Patients were all given atorvastatin 10 mg,
then increased to 80 mg if the LDL cholesterol was
<2.5 mmol/L (100 mg/dl). At 3 months, patients
were randomized to amlodipine 10 mg or placebo.
Plasma LDL cholesterol was decreased by 50%, and
the LDL cholesterol target of <2.5 mmol/L was
achieved in 81% of the patients. BP targets were
achieved in 69% of the atorvastatin � placebo group,
versus 96% in the atorvastatin � amlodipine group (p
� 0.0002). With use of combination atorvastatin �
amlodipine at doses ranging from 10 to 80 mg and 5
to 10 mg, respectively, recommended therapeutic
goals were reached in most select subjects with cor-
onary artery disease who were concomitantly receiv-
ing aspirin and antihypertensive therapy. �2005
by Excerpta Medica Inc.

(Am J Cardiol 2005;95:249–253)

In the present study, we investigated the effects of
atorvastatin and amlodipine in subjects with estab-

lished and stable coronary heart disease (CHD) requir-
ing a statin to decrease low-density lipoprotein (LDL)
cholesterol and who had adequate blood pressure con-
trol at baseline, as judged by the treating physician.
We used a conditional titration with atorvastatin 10 or
80 mg to reach a LDL target value of �2.5 mmol/L,
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in keeping with current practice guidelines.1–4 Amlo-
dipine 10 mg was used for blood pressure (BP) control
according to current recommendations5–7 and was
downtitrated to 5 mg if symptoms of hypotension
developed. Previous reports have indicated a low
prevalence of reaching recommended targets for CHD
prevention in high-risk subjects8–12; recent trials point
toward more aggressive LDL cholesterol targets in
very high-risk subjects.13

• • •
Study subjects were selected in 11 centers across

Canada. The study was designed to assess the effects
of atorvastatin and the combination of atorvastatin and
amlodipine on vascular endothelial function measured
by flow-mediated vasodilation. Inclusion criteria were
men and women aged �30 years with documented
CHD (determined by coronary angiography �70%
cross-sectional stenosis), including patients after cor-
onary revascularization, by nuclear or stress echocar-
diography or by a history of documented myocardial
infarction. For inclusion into the study, study subjects
had to be in stable condition for �3 months, without
changes in current therapy, except those allowed
within the protocol. The lipid entry criteria were a
LDL cholesterol �3.2 mmol/L (123 mg/dl), triglyc-
erides �4.5 mmol/L (400 mg/dl), and no lipid-lower-
ing medications for 2 months. No patient was allowed
to take calcium blocking drugs, hormone replacement
therapy, or statins at entry. Antihypertensive medica-
tion, antiplatelet agents, and antianginal agents were
required to be stable for �3 months before entry into
the study. Choice of BP therapy was left to the dis-
cretion of the treating physician as long as protocol-
driven restrictions were respected. Patients were ex-
cluded if they had a coronary event, revascularization
procedure, or a cerebrovascular accident in the pre-
ceding 3 months. Diabetic subjects had to be well
controlled for �3 months, as reflected by a hemoglo-
bin A1c level �10% of total hemoglobin. No patient
had renal or hepatic disease.

All patients were asked to discontinue lipid-modi-
fying agents and calcium blockers for 2 months, after
which time baseline lipid and lipoprotein cholesterol
levels were obtained and all patients were started on
atorvastatin 10 mg/day. If the LDL cholesterol was
�2.5 mmol/L (100 mg/dl) after 6 weeks, the dose of

atorvastatin was increased to 80 mg/
day. At 3 months, patients were ran-
domized to amlodipine 10 mg/day or
placebo, and atorvastatin and amlo-
dipine/placebo therapy was contin-
ued for 9 months. The dose of amlo-
dipine could be downtitrated at any
time to 5 mg/day if patients had
symptoms related to hypotension.
After 12 months, all study-driven
treatment was discontinued and pa-
tients were followed for an addi-
tional 2 months.

Plasma lipid and lipoprotein lipid
measurements were determined at
each institution using standardized

techniques. LDL cholesterol was calculated according
to the Friedewald formula. Apolipoprotein B was de-
termined by nephelometry. BP was taken in triplicate,
with the subject sitting for �5 minutes, in accordance
with the Canadian Hypertension Education Program
guidelines.6

All continuous variables were analyzed at base-
line and at months 3 and 12 for the intent-to-treat
and per-protocol populations. Analysis of covari-
ance methods with effects for treatment, adjusted
for center and baseline values, were performed. To
evaluate the effect before and after the treatment, a
paired Student’s t test was used within treatment
comparisons. Continuous data are reported as mean
� SEM when using analysis of covariance and
mean � SD for raw data. For categorical variables,
which included the target rate for BP and LDL, the
Cochran-Mantel-Haenzsel chi-square test, stratified
according to center, was performed. All statistical
tests were 2-sided, and a p value �0.05 was con-
sidered statistically significant. No adjustments for
multiple comparisons were made.

One hundred thirty-four subjects were randomized
into the study (115 men and 19 women; mean age
57 � 9 years). Baseline characteristics of all study
subjects are listed in Table 1. As previously stated, at
study entry (baseline) all patients received atorvastatin
10 mg, which was uptitrated to 80 mg/day if the LDL
cholesterol was �2.5 mmol/L (100 mg/dl). Random-
ization to amlodipine 10 mg or placebo was done at
month 3 and BP was taken shortly thereafter. No
significant differences in baseline characteristics were
observed in subjects subsequently randomized to am-
lodipine or placebo. The total duration of the study
was 12 months; 56 of 64 subjects in the atorvastatin �
amlodipine group and 65 of 70 in the atorvastatin �
placebo group completed the study.

At the baseline evaluation, 83% of patients reported a
history of cigarette smoking, although only 21% were
current smokers; the rate of smokers at 12 months was
22%. Sixty-two percent of subjects were ex-smokers and
only 16% never smoked. Mean body mass index (weight
[kilograms]/height[square meters]) was 28.5 � 3.5 at
baseline and 28.7 � 3.6 at 12 months. The number of
subjects with a body mass index �25 kg/m2 was 14%
and at 12 months 14%, with no differences between

TABLE 1 Baseline Characteristics of Study Population

Variable

Atorvastatin �
Amlodipine

Atorvastatin �
Placebo Overall Group

(n � 64) (n � 70) (n � 134)

Age (yrs) 58 � 8 56 � 9 57 � 9
Men/women 55/9 60/10 115/19
Body mass index

(kg/m2)
28.1 � 3.1 28.9 � 3.8 28.5 � 3.5

Diabetes mellitus 2 (3.1%) 10 (14.3%) 12 (9.0%)
Smoking (current

� ex)
81% 84% 83%

BP (mm Hg) 127 � 15/79 � 9 128 � 14/79 � 8 128 � 15/79 � 9

Data are expressed as mean � SD or number (%).
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groups. Body mass index remained stable throughout the
study.

At 12 months, in the atorvastatin � placebo group,
26% of patients (17 of 65) were taking atorvastatin 10
mg and 74% (48 of 65) were taking 80 mg. In the
atorvastatin � amlodipine group, 21% (12 of 56) were
taking atorvastatin 10 mg and the remaining subjects
(79% [44 of 56]) were taking 80 mg. In the atorva-
statin � amlodipine group, 91% of patients continued
to take 10 mg of amlodipine throughout the study,
whereas only 9% (5 of 56) required downtitration
to 5 mg.

Baseline total cholesterol was 6.4 � 1.0 mmol/L
(147 � 39 mg/dl) in the atorvastatin � amlodipine
and 6.4 � 1.2 mmol/L (148 � 45 mg/dl) in the

atorvastatin � placebo groups. An overall decrease in
total cholesterol by 2.4 � 0.1 mmol/L was observed in
the combined groups (p �0.0001). A similar overall
decrease in LDL cholesterol was seen, from 4.4 � 1.0
mmol/L (170 � 39 mg/dl) to 2.2 � 0.5 mmol/L (85 �
19 mg/dl) (Table 2 and Figure 1). There was a trend
toward a slightly lower LDL cholesterol in the ator-
vastatin � placebo compared with the atorvastatin �
amlodipine groups (2.0 � 0.1 vs 2.2 � 0.1 mmol/L, p
� 0.005) at 12 months; this represented an absolute
decrease in LDL cholesterol of 2.2 � 0.1 and 2.0 �
0.1 mmol/L in each group, respectively, representing a
50% decrease in LDL cholesterol. Plasma triglycer-
ides decreased from 2.0 � 1.0 mmol/L (177 � 88
mg/dl) in both groups to 1.4 � 0.7 mmol/L (117 � 56
mg/dl), with no significant differences between both
groups. High-density lipoprotein (HDL) cholesterol
levels did not change with atorvastatin treatment (1.2
� 0.3 at baseline vs 1.2 � 0.3 mmol/L at 12 months).
Data at 3 months was virtually identical to 12-month
values for cholesterol, triglycerides, and LDL/HDL
cholesterol. Overall apolipoprotein B levels decreased
from a baseline level of 1.35 � 0.25 to 0.76 � 0.14
mg/dl, a 43% decrease (p �0.0001), with no signifi-
cant difference between treatment groups. The overall
cholesterol/HDL cholesterol ratio decreased from 5.6
� 1.4 to 3.6 � 1.0 mg/dl (p �0.0001; Table 2)., with
no significant difference between treatment groups.

The major LDL cholesterol target of �2.5 mmol/L
(100 mg/dl) was achieved overall in 81% of study
subjects (97 of 120). Interestingly, there were slightly
fewer patients reaching an LDL cholesterol of �2.5
mmol/L in the atorvastatin � amlodipine group (39 of
56 [71%], 95% confidence intervals 57% to 82%) than
in the atorvastatin � placebo group (58 of 65 [89%],
95% confidence intervals 79% to 96%) (p � 0.01).
This may be related to the slight increase in patients
taking the 80-mg dose of atorvastatin in the atorvasta-
tin � placebo group (78% vs 74%) and to the absolute
0.3 mmol (11 mg/dl) difference among LDL choles-
terol levels between the atorvastatin � placebo group
and the atorvastatin � amlodipine group (2.3 � 0.5 vs

FIGURE 1. Effect of atorvastatin on plasma LDL cholesterol (C)
levels.

FIGURE 2. Effects of amlodipine (Amlo) and placebo (Plac) on BP.
Ator � atrovastatin.

TABLE 2 Lipid, Lipoprotein Lipids, and Apolipoprotein B
Levels at Baseline, at Three and 12 Months on Study
Medication, and After a Two-month Washout

Lipids Baseline 3 Mo 12 Mo

Cholesterol
mmol/l 6.4 � 1.1 4.0 � 0.6* 3.9 � 0.6*
mg/dl 147 � 49 155 � 23 150 � 23

Triglycerides
mmol/l 2.0 � 0.9 1.4 � 0.3* 1.4 � 0.7*
mg/dl 177 � 80 124 � 27 124 � 62

LDL cholesterol
mmol/l 4.4 � 1.0 2.2 � 0.5* 2.2 � 0.5*
mg/dl 170 � 36 85 � 19 85 � 19

HDL cholesterol
mmol/l 1.2 � 0.3 1.2 � 0.3 1.2 � 0.3
mg/dl 46 � 11 46 � 11 46 � 11

Cholesterol HDL
cholesterol

mmol/l 5.7 � 1.5 3.6 � 0.8 3.6 � 0.9*
mg/dl 220 � 58 139 � 31 139 � 35

Non-HDL cholesterol
mmol/l 5.2 � 1.0 2.9 � 0.6* 2.8 � 0.5*
mg/dl 202 � 39 112 � 23 108 � 19

Apolipoprotein B
mg/dl

1.4 � 0.3 0.80 � 0.1* 0.8 � 0.1*

*p �0.0001 versus baseline. Overall, there were no significant differences
between amlodipine and placebo groups.
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2.0 � 0.4 mmol/L, p � 0.005). The percentage of
subjects reaching a cholesterol/HDL cholesterol ratio
�4.0 was 11.3% in the atorvastatin � amlodipine
group versus 2.9% in the atorvastatin � placebo group
at baseline (p � 0.066). At month 12, these rates were
70.9% and 73.8%, respectively. Overall, 72.5% of all
study participants reached a HDL cholesterol target of
�4.0 compared with 6.8% at baseline. At baseline,
non-HDL cholesterol was 5.17 � 0.84 mmol/L
(200 � 32 mg/dl) in the atorvastatin � amlodipine
group and 5.30 � 1.13 mmol/L (205 � 44 mg/dl) in
the atorvastatin � placebo subjects (p � NS). At 12
months, non-HDL cholesterol was 2.9 � 0.1 mmol/L
(109 � 27 mg/dl) and 2.7 � 0.1 mmol/L (102 � 27
mg/dl), respectively (p � 0.048).

Mean BP was 128 � 15/79 � 9 mm Hg at baseline
and was similar in both groups: 127 � 15/79 � 9 mm
Hg in the atorvastatin � amlodipine group and 128 �
14/79 � 8 mm Hg in the atorvastatin � placebo
group. Diuretics were administered to 12% of patients,
�-adrenergic blockers were given to 75%, angioten-
sin-converting enzyme inhibitors to 54%, and angio-
tensin receptors blockers to 5%. Other antihyperten-
sives (�-adrenoreceptor blockers) were administered
to 1 patient and accounted for �1% of prescriptions
(calcium blockers were not allowed at the time of
randomization). At the end of the study, BP was 118
� 10/76 � 7 mm Hg in the atorvastatin � amlodipine
group (an absolute decrease of 8 � 2/3 � 1 mm Hg
compared with baseline values, p �0.0001), and was

130 � 17/80 � 9 mm Hg in the atorvastatin �
placebo group. The differences in systolic and dia-
stolic pressures at 12 months between the atorvastatin
� amlodipine and the atorvastatin � placebo groups
was significant at the p �0.0001 and 0.0006 levels,
respectively (Figure 2). We used the treatment goals
of the Canadian Hypertension Education Program in
the analysis: at baseline, 75% of the patients were at
BP target in the atorvastatin � amlodipine group
compared with 70% in the atorvastatin � placebo
group (p � 0.503). At 12 months, 96% (54 of 56) of
subjects in the atorvastatin � amlodipine group were
at or below Canadian Hypertension Education Pro-
gram specified BP targets, whereas 69% (45 of 65)
were at or below target in the atorvastatin � placebo
group (p � 0.0002) (Table 3 and Figure 3).

The medications were well tolerated. Myalgias
were reported in 6 of 70 patients (8.6%) in the ator-
vastatin � amlodipine group and in 1 of 74 patients
(1.4%) in the atorvastatin � placebo group. Elevations
in creatine kinase (�3 times the upper limit of normal)
occurred in 3 of 70 (4.3%) and in 2 of 74 (2.7%)
subjects. There were 4 of 70 cases (4.3%) of symp-
tomatic hypotension in the atorvastatin � amlodipine
group, resulting in a decrease in the amlodipine dos-
age and in 1 subject (1.4%) in the atorvastatin �
placebo group. Angina occurred in 5 of 70 subjects
(7.1%) in the atorvastatin � amlodipine group and in
9 of 74 (12.3%) in the atorvastatin � placebo group.
One patient in each group developed acute myocardial
infarction.

• • •
Despite a relatively normal BP at entry (127 �

15/79 � 9 mm Hg), 25% of patients in the atorvastatin
� amlodipine group and 30% of patients in the ator-
vastatin � placebo groups were not at target at base-
line (p � 0.503 between-group assignment). With the
addition of amlodipine, 96% of patients were at target
at 3 and 12 months compared with 69% in the placebo
group (p �0.0001). Target LDL cholesterol levels
have remained a source of controversy; an arbitrary
level of �2.5 mmol/L (100 mg/dl),1,3 a single dose of
statin,14 or a 45% to 45% reduction in LDL choles-
terol15 are all evidenced based. The use of other car-
dioprotective medications are also part of evidence-
based medicine in high-risk prevention strategies.16–19

The mean LDL cholesterol achieved at 1 year is less
than the recommended level, yet is in keeping with
novel studies13,20 that address the issue of aiming for
a LDL cholesterol value lower than recommended. In
our study, 81% of all patients reached a LDL choles-
terol of �2.5 mmol/L. The rates of LDL cholesterol
target at 3 and 12 months were 79% and 71%, respec-
tively, in the atorvastatin � amlodipine group and
87%, and 89% in the atorvastatin � placebo group.

The data presented here suggest that intensive
patient follow-up can lead to very high rates of
reaching multiple recommended targets for the pre-
vention of cardiovascular disease in high-risk pa-
tients (Figure 3). We used a combination of atorva-
statin 10 or 80 mg and amlodipine 5 or 10 mg.
Therapy with atorvastatin 10 mg � amlodipine 10

FIGURE 3. Percentage of patients reaching LDL cholesterol (C)
targets (<2.5 mmol/L) taking atorvastatin 10 or 80 mg, and
reaching BP targets taking amlodipine 5 or 10 mg or placebo.
Abbreviations as in Figure 2.

TABLE 3 Blood Pressure at Baseline, Three Months, 12
Months, and After a Two-month Washout

Time
Atorvastatin �

Amlodipine
Atorvastatin �

Placebo

Baseline (mm Hg) 127 � 15/79 � 9 128 � 14/79 � 8
3 mo (mm Hg) 117 � 11/74 � 9*† 127 � 16/79 � 7
12 mo (mm Hg) 118 � 10/76 � 7*† 130 � 17/80 � 9

*p �0.0001 versus baseline; †p �0.0001 versus atorvastatin � placebo.
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mg was administered to 26% of patients, atorvasta-
tin 80 mg � amlodipine 5 mg to 9%, and atorva-
statin 80 mg � amlodipine 10 mg to 70%. The
combination of the 2 medications was well toler-
ated. There were no unexpected adverse effects
reported in either treatment group. A hard cardio-
vascular end point (acute myocardial infarction)
occurred in 1 subject in each treatment arm (2 of
134 [1.5%]) during the 12-month treatment period.
Although not designed to assess cardiovascular end
points, the low event rate is a reflection of baseline
treatment according to current recommendations for
secondary prevention.4
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