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Coronary atherosclerosis can regress
with very intensive statin therapy

INTERPRETING KEY TRIALS

■ ABSTRACT

The ASTEROID trial (JAMA 2006; 295:1556–1565)
showed that very intensive statin therapy with
rosuvastatin 40 mg once daily results in highly significant
regression of coronary atherosclerosis as assessed by
serial intravascular ultrasonography (IVUS). The mean
low-density lipoprotein cholesterol (LDL-C) level achieved
with this regimen was 61 mg/dL, and the mean high-
density lipoprotein cholesterol (HDL-C) level increased by
15%. While the merits of concomitant LDL-C-lowering
and HDL-C-raising therapies remain to be determined, the
results of the ASTEROID and other recent trials suggest
that the optimal strategy for lipid-lowering in patients
with coronary artery disease is to try for the lowest LDL-C
level that can be attained without adverse effects.

■ KEY POINTS

Coronary IVUS is inherently a more sensitive method of
monitoring atheroma progression and regression than
coronary angiography.

In recent clinical trials, the relationship between LDL-C
levels and progression of atherosclerosis was strong and
linear.

The optional LDL-C goal of less than 70 mg/dL is likely to
be applicable not only for patients at very high risk, but
for all patients with coronary disease.

ANY PATIENTS who are found to have
atherosclerotic plaques on coronary

angiography ask whether it is possible to make
the plaques regress. Until recently, we could
only give them a vague answer and talk about
decreasing symptoms and preventing coronary
events, since we really did not have clear evi-
dence of regression in most patients.

Now we can give them a more definite
answer—yes—in view of the findings of the
large-scale ASTEROID (A Study to Evaluate
the Effect of Rosuvastatin on Intravascular
Ultrasound-derived Coronary Atheroma
Burden) trial,1 in which we were investigators.

What the ASTEROID trial showed us
and how we should apply its findings in the
care of patients with coronary artery disease
are the topics of this article.

■ BEFORE ASTEROID

Although some earlier studies suggested that
atherosclerosis can regress with medications
or lifestyle changes, many others did not.2–8

Of importance, these studies used conven-
tional angiography, which basically shows the
silhouette of the coronary lumen, not the
plaques themselves. Changes in lumen size on
angiography generally do not reflect the changes
in the size of the plaques, due to vascular remod-
eling.9,10 Thus, one can argue that “regression of
atherosclerosis means regression of what we don’t
see on angiography.”11

Given this crucial limitation of angiogra-
phy, trials of atherosclerosis progression and
regression have begun to use other imaging
tests that can directly image the plaque such
as magnetic resonance imaging, computed
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tomography, and intravascular ultrasonogra-
phy (IVUS). Of these, IVUS has become
increasingly popular owing to its high resolu-
tion, which allows accurate assessment of the
volume of atherosclerotic plaque.

Previous major IVUS trials were the
REVERSAL,12 A-PLUS,13 and ACTIVATE14

trials and the IVUS substudy of CAMELOT15

(see TABLE 1 for the full names of these trials). Each
tested the hypothesis that one medication would
be superior to another or to placebo in its ability
to retard progression of coronary atherosclerosis.
While the results of these trials provided invalu-
able information about progression of atheroscle-
rosis, none of them showed compelling evidence
for regression of disease.

In contrast, ASTEROID was the first
large-scale IVUS study to test whether coro-
nary atherosclerosis could actually regress.1

■ ASTEROID STUDY DESIGN

ASTEROID, performed in 53 community and ter-
tiary-care hospitals in the United States, Canada,
Europe, and Australia, was sponsored by
AstraZeneca, the maker of rosuvastatin (Crestor).

All patients had coronary disease
The ASTEROID study enrolled patients aged
18 to 75 years who required coronary angiogra-
phy for a clinical indication and in whom
angiography had shown coronary artery disease
(at least one obstruction with > 20% narrow-
ing of the luminal diameter).

There was no low-density lipoprotein cho-
lesterol (LDL-C) criterion for enrollment; how-

ever, patients with very high triglyceride levels
(≥ 500 mg/dL) or poorly controlled diabetes
(hemoglobin A1c levels ≥ 10%) were excluded.

All patients were required to be “statin-
naive,” defined as receiving no statin therapy
for more than 3 months during the previous
12 months. A total of 507 patients were
enrolled, of whom 349 had evaluable IVUS
examinations at both baseline and follow-up.

Treatment was maximal for all
Because we wanted to determine whether
maximally intensive lipid-lowering can induce
regression of coronary atherosclerosis, we
chose rosuvastatin 40 mg as the study treat-
ment—the regimen that had reduced LDL-C
levels the most in previous clinical trials.

Because all the patients had established
coronary disease and other trials had demon-
strated that outcomes are better with inten-
sive therapy, it was deemed unacceptable to
randomize some of the patients to receive low-
intensity statin treatment or placebo.
Therefore, we gave everyone rosuvastatin 40
mg/day. Since there was no control group, we
instead randomized the order in which we
analyzed the IVUS studies (see below).

IVUS at baseline and after 24 months
After performing coronary angiography, the
operator chose the longest and least angulated
coronary artery for IVUS interrogation. After
intracoronary nitroglycerin was given to pre-
vent vasospasm, a high-frequency ultrasound
catheter was advanced into the target vessel
and the transducer was positioned distal to a

ASTEROID was
the first large
IVUS study 
to test if
atherosclerosis
could regress
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ACTIVATE—ACAT Intravascular Atherosclerosis Treatment
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A-PLUS—Avasimibe and Progression of Lesions on
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ASTEROID—A Study to Evaluate the Effect of Rosuvastatin
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CORONA—Controlled Rosuvastatin Multinational Trial in
Heart Failure24

ESTABLISH—Early Statin Treatment in Patients with Acute
Coronary Syndrome20

IDEAL—Incremental Decrease in End Points Through
Aggressive Lipid Lowering28

JUPITER–Justification for the Use of Statins in Primary
Prevention: an Interventional Trial Evaluating Rosuvastatin23

PROVE IT/TIMI 22—Pravastatin or Atorvastatin Evaluation
and Infection Therapy-Thrombolysis in Myocardial Infarction26
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side branch. Then the operator engaged a
motor drive that progressively withdrew the
transducer at 0.5 mm/second. During this pull-
back, images were obtained at 30 frames per
second and recorded on videotape. Therefore,
every 60th frame was exactly 1 mm apart.

IVUS was repeated after 24 months of
treatment, and images were obtained at the
same sites as in the original examination.

IVUS analysis at the core laboratory
All the videotapes were analyzed at a core labo-
ratory at Cleveland Clinic. All measurements
were performed at the end of the study after both
the baseline and follow-up IVUS examinations
were completed.

To conceal the imaging sequence, the
dates on the IVUS images were removed and
the two examinations were then resequenced
using random assignments. Therefore, the
technicians analyzing the IVUS tapes did not
know which interrogation was baseline and
which one was follow-up.

Subsequently, the distal branch site was
identified as the beginning point for analysis
and every 60th image (ie, every 1 mm from

distal to proximal) was analyzed using com-
puterized planimetry and according to the cur-
rent standards.16

Three measures of efficacy
There were two primary measures of efficacy:
change in percent atheroma volume and
change in atheroma volume in the most dis-
eased 10-mm subsegment. A secondary mea-
sure of efficacy was the change in normalized
total atheroma volume in the whole imaged
segment (TABLE 2).

Because the study tested whether rosuva-
statin would induce regression of coronary
atherosclerosis, all of the outcome measures
were analyzed to see if they were significantly
less than 0; the hypothesis was that all of the
efficacy variables would be lower at follow-up.

■ STUDY RESULTS

Plasma lipids improved
The mean LDL-C level decreased from 130
mg/dL at baseline to 61 mg/dL during the study,
a 53% reduction. The mean HDL-C level
increased from 43 mg/dL to 49 mg/dL, a 15%
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On therapy,
LDL-C levels
decreased from
130 to 61 mg/dL

Measures of efficacy in the ASTEROID trial
Primary measures

Percent atheroma volume =

∑(EEMCSA – LUMENCSA)
X 100

∑ EEMCSA

where EEMCSA is the external elastic membrane cross-sectional area and LUMENCSA is the luminal
cross-sectional area. Percent atheroma volume corresponds to the proportion of the total vessel
volume occupied by the atherosclerotic plaque.

Atheroma volume in the most diseased 10-mm subsegment =
10

∑
1

(EEMCSA – LUMENCSA)

This corresponds to the sum of the atheroma areas in the most diseased 10-mm subsegment
of the coronary artery.

Secondary measure
Normalized total atheroma volume =

∑(EEMCSA – LUMENCSA)
X median number of frames for all patients

number of frames in a patient

Normalized total atheroma volume corresponds to the total volume of atherosclerotic plaque
corrected for the differences in the lengths of the imaged segments.

T A B L E  2
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improvement. The mean LDL-C to HDL-C
ratio decreased dramatically, from 3.2 to 1.3.

Lesions regressed
All three measures of efficacy showed statisti-
cally significant regression, and most patients
showed significant regression of disease:
• The percent atheroma volume decreased

from a median of 39.9% at baseline to
38.5% at follow-up (P < .001). The medi-
an change from baseline was –0.79%.
Using this measure of efficacy, regression

was noted in 63.6% of patients and pro-
gression in 36.4% (FIGURE 1).

• The atheroma volume in the 10-mm sub-
segment with the greatest disease severity
decreased from a median of 65.1 mm3 at
baseline to 58.4 mm3 at follow-up (P <
.001). The median change from baseline
was –5.6 mm3. Using this measure of effi-
cacy, regression was noted in 78.1% of
patients and progression in 21.9%.

• The normalized total atheroma volume
decreased from a median of 204.7 mm3 at
baseline to 186.8 mm3 at follow-up (P <
.001). The median change from baseline
was –12.5 mm3. Using this measure of effi-
cacy, regression was noted in 77.9% of
patients and progression in 22.1%.
FIGURE 2 depicts a representative example of

disease regression with rosuvastatin.

Adverse events
Rosuvastatin 40 mg/day was well tolerated.
Rates of elevation of hepatic enzymes were
comparable with those in other trials of statins
in high doses (< 2%). There were no cases of
rhabdomyolysis.

■ WHAT DOES THIS MEAN?

Convincing evidence for regression
The ASTEROID trial provides convincing
evidence that very intensive statin therapy
with rosuvastatin 40 mg daily can induce
regression of coronary atherosclerosis.
Depending on the outcome measure, 64% to
78% of the patients showed regression of dis-
ease, significantly more than in the older
angiographic progression-regression trials, in
which the fraction of patients with regression
was between 7% and 41%.17

The remarkably more common occur-
rence of regression in the ASTEROID trial
compared with the angiographic trials is prob-
ably explained by two factors:
• Rosuvastatin 40 mg/day was extremely
efficacious, lowering LDL-C by 53%. In con-
trast, the lipid-lowering agents used in previ-
ous trials lowered LDL-C by only 16% to 46%.
• Coronary IVUS is inherently a more sen-
sitive method of monitoring atheroma pro-
gression and regression than coronary angiog-
raphy. Indeed, before the ASTEROID trial, a

Regression 63.6% Progression 36.4%

Regression 78.1% Progression 21.9%

Change in percent atheroma volume (%)

 -7   -6 -5   -4   -3   -2   -1    0    1    2    3    4    5

Change in atheroma volume (mm3) in the

 -30  -25   -20  -15   -10   -5     0     5     10    15

100

80

60

40

20

0

80

60

40

20

0

N
u

m
b

er
 o

f 
p

at
ie

n
ts

N
u

m
b

er
 o

f 
p

at
ie

n
ts

10-mm subsegment with greatest disease severity

ASTEROID: Most patients had
regression with rosuvastatin 40 mg

FIGURE 1. Disease regression in the ASTEROID trial.
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few small, single-center IVUS studies had sug-
gested that lipid-lowering medications could
induce regression of coronary atherosclero-
sis.18–20 However, these studies used only two-
dimensional measurements, were very small,
or were restricted to certain ethnic groups
with relatively lower baseline LDL-C levels
(ie, the Japanese ESTABLISH study20), thus
limiting their impact.

Comparison to previous large-scale IVUS trials
The REVERSAL trial12 was the first large-
scale IVUS trial to evaluate the effect of
statins on the progression rate of coronary ath-

erosclerosis. In this study, plaque volume
increased significantly in patients receiving a
moderate lipid-lowering regimen of prava-
statin (Pravachol) 40 mg/day but remained
the same in patients receiving a more inten-
sive regimen of atorvastatin (Lipitor) 80
mg/day.

TABLE 3 compares the patients in the
REVERSAL and ASTEROID trials. Although
cross-trial comparisons are prone to mistakes,
and the relative benefits of different regimens
can only be delineated in a head-to-head clini-
cal trial, the following observations are note-
worthy.
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IVUS is more
sensitive than
angiography 
for tracking
atherosclerosis

FIGURE 2. Intravascular ultrasound examination at baseline (left) and after 24 months of
statin therapy (right) in a patient in the ASTEROID trial.
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The baseline demographic characteristics
of the pravastatin and atorvastatin groups in
REVERSAL and ASTEROID were similar,
although ASTEROID patients had a slightly
lower mean body mass index, fewer of them had
diabetes, and more of them had hypertension.
Because REVERSAL patients had to have
LDL-C levels between 125 and 210 mg/dL to
enroll, their baseline LDL-C level was about 20
mg/dL higher than in ASTEROID, which had
no LDL-C criterion for enrollment.

The follow-up LDL-C level was highest in
the REVERSAL pravastatin group, intermedi-
ate in the REVERSAL atorvastatin group, and
lowest in ASTEROID. Strikingly, the out-
come measures of disease progression had the
same order: significant progression in the
pravastatin group of REVERSAL, no change
in the atorvastatin group of REVERSAL, and
significant regression in ASTEROID. FIGURE 3

shows the relationship between the LDL-C

level during treatment and the progression
rate of coronary atherosclerosis in REVER-
SAL, ASTEROID, and the placebo groups of
other large IVUS trials not specifically study-
ing the effects of statins, such as the
CAMELOT15 and ACTIVATE14 trials.

There is a very strong linear relationship
between achieved LDL-C levels and the
course of atherosclerosis. On the average, at
an LDL-C level of about 80 mg/dL, athero-
sclerosis neither progresses nor regresses, and
values below this, as achieved in the ASTER-
OID trial, can lead to significant disease
regression. However, further investigation is
required to elucidate the relative contribu-
tions of HDL-C-raising and modulation of
non-lipid measures such as C-reactive protein
on atheroma progression and regression.

Limitations of the ASTEROID study
Like every study, the ASTEROID trial had

Comparison of the REVERSAL and ASTEROID trials

REVERSAL ASTEROID

PRAVASTATIN 40 MG ATORVASTATIN 80 MG ROSUVASTATIN 40 MG
(N = 249) (N = 253) (N = 349)

Mean age, years 56 56 59
Male (%) 73 71 70
Mean body mass index, kg/m2 30.5 30.5 28.4
History of hypertension (%) 70 68 96
History of diabetes (%) 18 20 13
Baseline lipids

Total cholesterol, mg/dL 233 232 204
LDL cholesterol, mg/dL 150 150 130
HDL cholesterol, mg/dL 43 42 43
Triglycerides, mg/dL 198 197 152

Follow-up lipids
Total cholesterol, mg/dL 188 151 133
LDL cholesterol, mg/dL 110 79 61
HDL cholesterol, mg/dL 45 43 49
Triglycerides, mg/dL 166 148 121

Percent change in lipids
Total cholesterol, mg/dL –18 –34 –34
LDL cholesterol, mg/dL –25 –46 –53
HDL cholesterol, mg/dL 6 3 15
Triglycerides, mg/dL –7 –20 –15

IVUS findings
Median change in

Percent atheroma volume, % 1.6 0.2 –0.8
Total atheroma volume, mm3 4.4 –0.9 –5.6

T A B L E  3
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some limitations, the most important of
which was the lack of a control group receiv-
ing placebo or less-intensive lipid-lowering
therapy. We deemed it ethically unacceptable
to give a less-effective regimen or placebo to
patients with angiographically documented
coronary disease. This was partially overcome
by randomly resequencing the order of the
IVUS interrogations to eliminate observer
bias.

Concomitant medications might have
contributed to the results of this study. Of
note, 84% of the patients received a beta-
blocker during the study, which may have
some antiatherosclerotic effects.21

Additionally, although some indirect evi-
dence supports the use of IVUS as a valid sur-
rogate end point for coronary outcomes,22

there is currently no information on the prog-
nostic significance of progression or regression
demonstrated with this imaging test.

Finally, while rosuvastatin was well toler-
ated, ongoing larger trials with clinical end
points, eg, JUPITER23 (comparing rosuva-
statin and placebo as primary prevention in
15,000 patients) and CORONA24 (compar-
ing rosuvastatin and placebo in 5,000 patients
with ischemic heart failure) are likely to pro-
vide more robust information about its safety.

■ IMPLICATIONS FOR MANAGEMENT

For the secondary prevention of atheroscle-
rotic disease, the revised version of the Adult
Treatment Panel III (ATP III) of the National
Cholesterol Education Program25 recom-
mends a target LDL-C level of less than 100
mg/dL, with an optional target of less than 70
mg/dL for patients at very high risk, such as
those with a recent acute coronary syndrome
event (according to the results of PROVE-
IT26) or multiple uncontrolled risk factors.

After these guidelines were published, the
results of two important clinical trials studying
intensive lipid-lowering in patients with coro-
nary artery disease became available.

The TNT trial27 randomized patients
with stable coronary artery disease to receive
atorvastatin 10 mg/day or atorvastatin 80
mg/day; the mean on-treatment LDL-C levels
during the study period were 101 mg/dL and
77 mg/dL, respectively. The composite end

point of fatal coronary heart disease, nonfatal
myocardial infarction, resuscitation after car-
diac arrest, and stroke was reduced by 22% (P
< .001) in the atorvastatin 80-mg group, while
the total mortality rate was unchanged.

The IDEAL trial28 randomized patients
with a history of myocardial infarction (most-
ly remote) to receive simvastatin 20 mg/day or
atorvastatin 80 mg/day; the mean on-treat-
ment LDL-C levels were 104 mg/dL and 81
mg/dL, respectively. The composite end point
of coronary death, nonfatal myocardial infarc-
tion, or cardiac arrest with resuscitation was
reduced by 11% (P = .07), and nonfatal
myocardial infarction by itself was reduced by
17% (P = .02) in the atorvastatin 80-mg
group, while the total mortality rate was
unchanged.

Both of these studies show that in patients
with coronary artery disease who are not nec-
essarily at very high risk, lipid-lowering to tar-
get LDL-C levels well below 100 mg/dL is
associated with better outcomes. Therefore,
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FIGURE 3. Mean low-density lipoprotein cholesterol
(LCL-C) levels and median change in percent atheroma
volume in recent clinical trials. The follow-up period
was 24 months in ASTEROID, A-PLUS, and CAMELOT,
and 18 months in the REVERSAL and ACTIVATE trials.
MODIFIED FROM NISSEN SE, NICHOLLS SJ, SIPAHI I, ET AL. EFFECT OF VERY HIGH-INTENSITY STATIN

THERAPY ON REGRESSION OF CORONARY ATHEROSCLEROSIS: THE ASTEROID TRIAL.
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The lower the LDL-C level,
the less atherosclerosis tends to progress
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the optional goal of less than 70 mg/dL is like-
ly to be applicable not only for patients at very
high risk, but for all patients with coronary
disease. In this context, the ASTEROID trial
showed that with even lower levels of LDL-C
(61 mg/dL), coronary atherosclerosis could
regress, a finding not demonstrated with other,
less effective regimens.

While the clinical merits of lowering

LDL-C levels to the range of the 60s or 50s
remains to be determined, accumulating evi-
dence suggests that the optimal lipid-lowering
strategy in patients with coronary disease can
be to reduce LDL-C to lowest possible levels
without causing adverse effects.
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