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Background. In several statin trials, vascular event rates

for treatment groups begin to separate 1 year after

commencement of treatment. For atherosclerosis pro-

gression, the temporal sequence of the effect has not

been defined. We used data from the Measuring

Effects on intima media Thickness: an Evaluation Of

Rosuvastatin (METEOR) trial to determine the earliest

time point at which significant differences in athero-

sclerosis progression rates could be detected after

initiation of statin therapy.

Methods. The METEOR trial was a double-blind, ran-

domized placebo-controlled trial that studied the effect

of LDL-C lowering with 40 mg rosuvastatin on the

rate of change of carotid intima media thickness

(CIMT) measured by B-mode ultrasound amongst

984 low risk subjects. Ultrasound assessments were

made at baseline and every 6 months up to 2 years.

Results. Rosuvastatin treatment was associated with a

49% reduction in LDL-C-C, a 34% reduction in total

cholesterol, an 8.0% increase in HDL-C and a 16%

reduction in triglycerides (all P < 0.0001 compared

with placebo). The difference in rate of mean maximum

CIMT progression between the rosuvastatin and pla-

cebo groups (based on near and far wall measurements

from both left and right common carotid and internal

carotid segments and carotid bifurcation) was not statis-

tically significant after 6 months (0.0023 mm year)1

and 0.0106 mm year)1, respectively P = 0.34). After

12 months, CIMT progression rates were significantly

different between the groups: 0.0032 mm year)1 and

0.0133 mm year)1 in the rosuvastatin-treated and

placebo-treated groups, respectively (P = 0.049). This

divergence grew with further follow-up: )0.0009 mm

year)1 and 0.0131 mm year)1 after 18 months

(P < 0.001) and )0.0014 mm year)1 and 0.0131 mm

year)1 after 24 months of treatment (P < 0.001).

Results were stronger for the mean common CIMT

progression (based on near and far wall measurements

from both left and right common carotid segments).

Conclusion. Aggressive LDL-C lowering seems to

exert its beneficial effect on atherosclerosis progres-

sion during the first 12 months of treatment. This

parallels the timing of event reduction seen in clinical

trials and suggests that the efficacy of lipid lowering

treatment on CIMT progression can be evaluated in

trials with a duration of 1 year, given sufficient

sample size, high precision of measurements and

a treatment effect comparable to that seen in

METEOR.*The METEOR study group listed in the appendix
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Trial Registration: Clinicaltrials.gov identifier:

NCT00225589.

Keywords: atherosclerosis, prevention, statin, trial,

ultrasound, vascular disease.

Introduction

Results from observational studies across a variety of

populations indicate a continuous positive relationship

between LDL-C and risk of coronary heart disease

[1]. The use of 3-hydroxy-3-methylglutaryl-lowering

co-enzyme A (HMG-CoA) inhibitors (statins) results

in considerable reduction of LDL-C [2]. Furthermore,

randomized controlled trials have consistently shown

that statins reduce the risk of coronary heart disease

[3]. This risk reduction has been demonstrated in a

wide range of populations and patient groups and its

magnitude appears to be proportional to the absolute

reduction in LDL-C [4]. However, it is not clear how

rapidly benefits emerge after initiation of statin

therapy. Some trials report no benefit within the first

year, and others report rapid benefit. A recent meta

analysis, based on over 90 000 individual patients

participating in randomized controlled trials of statins,

indicated a significant 14% reduction in major

vascular events within the first year of treatment [4].

In addition, a recently published randomized

controlled trial amongst 17 802 low risk subjects with

elevated C-reactive protein levels showed a benefit of

lipid lowering on clinical events already after

12 months of treatment [5].

Part of the beneficial effect of LDL-C lowering on

coronary heart disease (CHD) risk has been attributed

to its influence on atherosclerosis progression. Indeed,

several randomized controlled trials have shown that

statins lead to reduced progression, or even regres-

sion, of atherosclerosis [6–11]. For atherosclerosis

progression, the temporal sequence of the beneficial

effect has not yet been defined. This is partly because,

in trials using quantitative coronary angiograms or

coronary intravascular ultrasound (IVUS) as tools to

assess atherosclerosis progression, follow-up measure-

ments were generally obtained 18 or 24 months after

the start of the study [7–9]. Also, trials using magnetic

resonance imaging (MRI) to assess atherosclerosis

progression over time used repeated measurement after

18 months [10]. In contrast, in several lipid lowering

trials where ultrasound-assessed carotid intima-media

thickness (CIMT) was used as indicator of atherosclero-

sis progression, atherosclerosis was evaluated at base-

line and every 6 months over a period of 2 or 3 years

[11–15]. These CIMT trials allow assessment of the

temporal sequence of statin effects on atherosclerosis

progression more precisely. Using data from one of

these trials, the Measuring Effects on intima media

Thickness: an Evaluation Of Rosuvastatin (METEOR)

study [16], we sought to determine the earliest

time point after initiation of statin therapy at which

significant differences in atherosclerosis progression

rates could be detected.

Methods

The rationale, design and main findings of the

METEOR study have been detailed elsewhere [15,

16]. In short METEOR was a 2-year, double-blind,

placebo-controlled trial that compared rosuvastatin

40 mg with placebo treatment in middle-aged asymp-

tomatic subjects with moderately elevated cholesterol

and low risk of cardiovascular disease according to

the National Cholesterol Educational Program Adult

Treatment Panel III criteria (0–1 risk factor or ‡2 risk

factors with a 10-year CHD risk <10%). The study

was conducted in accordance with the ethical princi-

ples in the Declaration of Helsinki, the International

Conference on Harmonization of Good Clinical

Practice guidelines, and appropriate regulatory

requirements. The study protocol was approved by

the appropriate Institutional Review Board and ⁄or
Independent Ethics Committee at each site. All

participants provided written informed consent. Main

inclusion criteria were: age 45–70 years (male) or

55–70 years (female); screening LDL-C-C 120–190

mg dL)1 (3.1–4.9 mmol L)1) for those with only age

as a CHD risk factor, or 120–160 mg dL)1 (3.1–

4.1 mmol L)1) for individuals with two or more CHD
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risk factors and a 10-year risk of CHD events <10%;

HDL-C £ 60 mg dL)1 (1.6 mmol L)1); TG <500 mg

dL)1 (5.7 mmol L)1); and at least one maximum

CIMT measurement >1.2 mm and no measurement

‡3.5 mm from two separate ultrasound examinations.

This lower boundary for CIMT measurement actually

identifies subjects with relatively thick walls com-

pared with the general population. Thus, clinically

these participants were at ‘low risk’, although their

IMT indicated the presence of subclinical atheroscle-

rosis. Eligible participants were randomized to either

the placebo or rosuvastatin groups in blocks of seven

(five rosuvastatin, two placebo) at each clinical site.

Carotid ultrasound examinations were performed

twice before randomization, once each at 6, 12 and

18 months after randomization, and then twice at the

end of 24 months of study treatment. At each visit

sonographers obtained standardized longitudinal

B-mode images of the left and right and near and far

walls of the three segments of the carotid artery, as

detailed elsewhere [16]. The common carotid artery

(CCA) was defined as the segment extending from 10

to 20 mm proximal to the tip of the flow divider. The

carotid bifurcation was defined as the segment begin-

ning at the tip of the flow divider and extending

10 mm proximal. The internal carotid artery (ICA)

was defined as the segment beginning at the tip of the

flow divider and extending 10 mm distally. Meijer’s

Carotid Arc� (Bio-Imaging Technologies, Leiden,

the Netherlands) was used to image the artery at

prespecified angles [17]. All ultrasound scans were

read with Image Pro� software (Meyer Medical

Ultrasound, Utrecht, the Netherlands) using a uniform

reading protocol that ensured standardized settings

across reading stations and core laboratories. The

image boundaries were marked manually. For CIMT

measurements, trailing edges were traced on the near

wall boundaries and leading edges on the far wall

boundaries. Measurements were performed on images

from selected predefined angles: for the right carotid

artery – 60, 90, 120, 150 and 180 degrees on the

Meijer’s Carotid Arc; for the left carotid artery – 300,

270, 240, 210 and 180 degrees. For the near and far

walls of the right and left carotid bifurcation and

ICA, measurements were made only of the maximum

CIMT at all selected angles. For the CCA, measure-

ments were made of both the mean and maximum

CIMT of each wall at all selected angles. All readers

completed a uniform training program. A single

reader read all seven scans in random order and in a

batch fashion after each individual had finished

the study. Reproducibility of the measurement was

excellent [15, 16].

In order to understand the various CIMT measurements

a short simplified description is given. For each individ-

ual a mean maximum CIMT was estimated for each

visit. First, a maximum CIMT value for each of the 12

segments was estimated based on the five angle specific

measurements. Next, the maximum CIMT measure-

ments of the 12 segments were averaged to obtain one

mean maximum CIMT for each individual. All esti-

mates of all visits were modelled as described in the

data analysis paragraph to assess the rate of progres-

sion. For the maximum CIMT values of the carotid

bifurcation, a similar approach was used where only the

angle specific measurements performed at the near and

far wall of the left and right carotid bifurcation were

used. The CIMT estimate for the internal carotid artery

was obtained in the same way. For the mean common

CIMT estimate, we took the mean CIMT value over a

10 mm distance of all angle specific measurements of

the near and far wall of the right and left common caro-

tid artery, and averaged those. For the far wall common

CIMT estimate, we restricted ourselves to mean CIMT

measurement over a 10 mm segment of the angle

specific measurements performed at the far wall of the

left and right carotid artery.

Data analysis

Carotid intima-media thickness (CIMT) data were

analysed according to the intention-to-treat (ITT) prin-

ciple in all individuals with a baseline reading and at

least one postbaseline CIMT reading. For the present

analysis the endpoints were (i) rate of change in max-

imum CIMT based on all scans performed over the

study period from each of the 12 carotid artery sites

(near and far walls of the right and left CCA,

carotid bulb and ICA) and (ii) rate of change in mean

common CIMT for the near and far walls of the right
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and left CCA and (iii) rate of change in mean com-

mon CIMT based on only the far walls of the right

and left CCA.

To study treatment effects on CIMT progression a

multi-level, repeated measures, linear mixed-effects

model was used as described earlier [15]. Levels used

for the data were subject, and carotid artery site

within subject; the repeated measure was time. The

model was specified in terms of fixed effects for caro-

tid artery site, age, sex, reader, ultrasound machine,

randomized-treatment group, time and the interaction

of randomized-treatment group and time. Time was

defined as the interval from date of randomization to

date of CIMT measurement. To assess linearity of

changes in CIMT values across the study measure-

ments, time-squared terms were included in the

model. Random effects within the model were inter-

cepts and slopes for both subjects and sites-within-

subjects.

To study the time sequence of the difference in CIMT

progression rates between treatments, CIMT progres-

sion rates were estimated based on baseline and

6 month measurements only, on baseline, 6 month

and 12 month assessments only, on baseline, 6 month,

12 month and 18 month assessments only, and on the

full dataset up to assessments at 24 months. Further-

more, based on the findings in this study, sample size

estimations were performed to define the size needed

for a trial when CIMT measurements were done up to

6 months, up to 12 months, up to 18 months, or up

to 24 months after baseline.

Results

The general characteristics of the study population are

given in Table 1, by treatment assignment. Character-

istics were similar between the two treatment arms.

Rosuvastatin treatment was associated with a 49%

reduction in LDL-C-C, a 34% reduction in TC, an

Table 1 General characteristics of
the Measuring Effects on intima
media Thickness: an Evaluation
Of Rosuvastatin (METEOR)
study populations by treatment
group

Rosuvastatin

(n = 702)

Placebo

(n = 282)

Age (SD), years 57 (6.2) 57 (6.0)

Men, n (%) 421 (60) 167 (59)

Race n (% Caucasian) 659 (94) 268 (95)

Body mass index (SD), kg m)2 27.1 (4.0) 27.5 (4.0)

Systolic blood pressure, mmHg (SD)a 124 (13.4) 125 (13.6)

Diastolic blood pressure, mmHg (SD)a 77 (8.2) 78 (8.5)

Hypertension (‡140 ⁄ 90 mmHg or

antihypertensive medication)

138 (20) 58 (21)

Fasting blood glucose, mg dL)1(SD)a 95 (0.68) 97 (0.80)

Total cholesterol, mg dL)1 [mean (SD)]b 229 (29) 230 (28)

LDL-cholesterol, mg dL)1 [mean (SD)]b 154 (24) 154 (24)

HDL-cholesterol, mg dL)1 [mean (SD)]b 49.7 (9.0) 49.0 (9.2)

Triglycerides, mg dL)1 126 (64.3) 134 (67.8)

Family history of premature CHDc 65 (9) 31 (11)

Smoking (during the previous month) 22 (3) 16 (6)

MeanMaxd of all 12 CIMT sites, mm [mean (SD)]b 1.15 (0.19) 1.17 (0.20)

MeanMean of the CCA, mm [mean (SD)]b 0.76 (0.12) 0.76 (0.12)

CCA, common carotid artery; CIMT, carotid intima media thickness; CHD, coronary heart disease;
SD, standard deviation.
aValues based on randomized safety population (n = 700 rosuvastatin, n = 281 placebo). bValues based
on intention-to-treat (ITT) population (n = 624 rosuvastatin, n = 252 placebo). cDefined as CHD in a
first-degree male relative <55 years old or in a first-degree female relative <65 years old.
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8.0% increase in HDL-C, and a 16% reduction in TG

(all P < 0.0001 compared with placebo) [14].

In Table 2 the CIMT progression rates based on dif-

ferent CIMT assessments are given by treatment

group. The difference in rate of maximum CIMT pro-

gression between the rosuvastatin and placebo groups

was not statistically significant 6 months after baseline

(0.0023 mm year)1 and 0.0106 mm year)1, respec-

tively P = 0.34). After 12 months, CIMT progression

rates were significantly different between groups:

0.0032 mm year)1 and 0.0133 mm year)1 (P = 0.049).

This divergence grew and statistical significance

increased with further follow-up: )0.0009 mm year)1

and 0.0131 mm year)1 after 18 months (P < 0.001)

and )0.0014 mm year)1 and 0.0131 mm year)1 after

24 months of treatment (P < 0.001). Results were

similar for common CIMT progression when based on

the combined near and far wall measurements or when

based on the far wall measurements only (Table 2).

We found a strong and highly statistically significant

difference in mean common CIMT progression

between the two treatments 12 months after initiation

of statin therapy. Similar trends toward increasing

Table 2 Carotid intima media
thickness (CIMT) progression
by time after baseline, for the
rosuvastatin groups and the
placebo group and differences
in CIMT progression between
treatmentsa

CIMT progression

(mm year)1)
Difference in progression

between treatment groups

(mm year)1)

P-value for

the differenceRosuvastatin Placebo

Mean maximum CIMT (near and far wall combined)

6 months 0.0023 0.0106 )0.0083 0.34

12 months 0.0032 0.0133 )0.0101 0.049

18 months )0.0009 0.0131 )0.0140 <0.001

All time points )0.0014 0.0131 )0.0145 <0.001

Mean common CIMT (near and far wall combined)

6 months )0.0005 0.0050 )0.0056 0.29

12 months )0.0011 0.0062 )0.0073 0.013

18 months )0.0012 0.0084 )0.0097 <0.001

All time points 0.0004 0.0089 )0.0085 <0.001

Mean common CIMT (far wall only)

6 months )0.0014 0.0025 )0.0039 0.51

12 months )0.0040 0.0056 )0.0096 0.004

18 months )0.0037 0.0065 )0.0102 <0.001

All time points )0.0023 0.0064 )0.0087 <0.001

Maximum CIMT carotid bifurcation

6 months 0.0009 0.0028 )0.0020 0.91

12 months 0.0005 0.0177 )0.0172 0.068

18 months )0.0038 0.0152 )0.0190 0.004

All time points )0.0040 0.0172 )0.0212 <0.001

Maximum CIMT internal carotid artery

6 months 0.0042 0.0317 )0.0275 0.12

12 months 0.0102 0.0192 )0.0089 0.33

18 months 0.0045 0.0140 )0.0094 0.13

All time points 0.0039 0.0145 )0.0105 0.023

A later time point also includes the earlier time points for calculation the rate of change.
aProgression estimates are based on data from duplicate baseline scans, intermediate scans every
6 months, and duplicate end of study scans, as appropriate.
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differences over time were found when examining

CIMT progression in the carotid bifurcation and CIMT

progression in the ICA, but because of more variance

in the measurements, the findings did not reach

statistical significance at 12 months.

Based on the METEOR design (i.e. duplicate baseline

and end of study scans with intermediate scans every

6 months as appropriate and reading of the scans in a

batch fashion), and on the METEOR main findings

(i.e. an expected difference in mean maximum CIMT

progression rates of 0.0145 mm year)1), a similar

study with 1 : 1 randomization would have 90%

power to show a difference between treatments arms

at the P < 0.05 level with a total number of 115

subjects per arm in a 2 year study, 175 ⁄ arm in a

1.5 year study, 355 ⁄ arm in a 1 year study, or

1285 ⁄ arm in a 6 month study. These estimates do not

include drop-outs. Total number of subjects in

treatment arms based on mean common CIMT

measurements only, with an expected difference in

mean common CIMT of )0.0085 mm year)1 would

be 100 subjects ⁄ arm in a 2 year study, 155 ⁄ arm in a

1.5 year study, 325 ⁄ arm in a 1 year study, or

1215 ⁄ arm in a 6 month study.

Discussion

The Lipid Research Clinics (LRC) trial, one of the first

to test the cholesterol hypothesis, suggested that

cholesterol lowering therapy took at least 2 years

to exert its effect on event reduction [18, 19]. Sub-

sequently, data from the Scandinavian Simvastatin

Survival Study amongst patients with coronary heart

disease suggested that a statin that lowered LDL-C by

35% began to exert its effect on event reduction

between 1 and 2 years after treatment initiation [20].

The recent results from the Justification for the Use of

Statins in Primary Prevention: an Intervention Trial

Evaluating Rosuvastatin (JUPITER) trial amongst

apparently healthy men and women with LDL-C levels

of less than 130 mg dL)1 (3.4 mmol L)1) and high-

sensitivity C-reactive protein levels of 2.0 mg L)1or

higher showed that a 50% LDL-C reduction and a 37%

high-sensitivity C-reactive protein level reduction,

began to exert its effect on event reduction already at

12 months [5]. As the occurrence of an event is an

interplay between atherosclerotic abnormalities and a

variety of factors that trigger the event to occur, statin

use may affect both processes in a different manner and

in a different time window. We focussed on the time

course of initiation of effects of aggressive lipid

lowering therapy on atherosclerosis progression in

humans. This may come from studies where repeated

assessments of atherosclerosis progression have

been performed. Trials using imaging modalities for

atherosclerosis progression, such as IVUS or MRI,

mostly have only two measurements with at least an

18 month period between the assessments [6–10]. At

present, availability of longitudinal repeated data seems

to be restricted to randomized controlled trials of statins

using change in CIMT over time as indicator of

atherosclerosis progression, as in several of these trials

CIMT assessments were done every 6 months after

baseline [11–15]. A basic assumption in these analyses

is that change in CIMT over time is a linear pheno-

menon in statin and no-statin users. Based on

existing data and exploratory analyses using the

METEOR data [15], this assumption seems to be

holding [12–14]. Of all the lipid lowering trials using

CIMT progression, none have specifically addressed

the subject of this communication: i.e. the earliest time

to benefit of lipid lowering therapy on CIMT

progression. Although in several CIMT trials infor-

mation on timing of treatment effect can be retrieved

from the published reports, it should be noted that some

CIMT trials had a duration of 12 months only [21–23].

Others, although designed as 2–4 year intervention

studies, had only a first re-measurement at

18–24 months [24–27]. Other reports are too restricted

to extract information on potential early treatment

effects [27–32].

In the Arterial Biology for the Investigation of the

Treatment Effects of Reducing Cholesterol (ARBI-

TER) trial, where 161 high risk patients were random-

ized to pravastatin (40 mg) or atorvastatin (80 mg),

no difference in common CIMT progression was

found at 6 months, but a significant difference was

reported at 12 months [21]. Unfortunately, no infor-

mation on 18 months or 24 months CIMT progression

was collected to substantiate the 12 month finding.
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Furthermore, the observed difference in CIMT pro-

gression constituted one of the largest found in the

trials performed so far. In atorvastatin versus simvas-

tatin and atherosclerosis progression (ASAP), 325

mainly untreated patients with familial hypercholester-

olemia were randomized to simvastatin (40 mg) or

atorvastatin (80 mg) [33]. From that report, the mean

maximum and mean common CIMT progression rates

appear to be significantly different after 1 year of

treatment, and this was more pronounced after

2 years. However, the precise estimates and statistical

evaluations were not presented. In the MARS study,

where 188 patients with angiographically documented

CHD were randomized to lovastatin or placebo on top

of a diet, there was a clear divergence of the common

CIMT after 6 months and 12 months, which further

extended during the next 3 years in a linear fashion

[34]. Unfortunately, the publication does not provide

information on CIMT progression rates and their

precision. The examination of high risk patients in the

above mentioned studies provides a population in

whom the extent of disease and the potential to

demonstrate changes due to different therapeutic inter-

ventions may be greater than that anticipated for

lower risk patients, as studied in METEOR. Yet, the

results from these high risk population studies are in

line with our findings, i.e. a benefit of aggressive

lipid lowering on atherosclerosis progression within

12 months. Importantly, we expand the evidence into

an asymptomatic population at reasonably low CHD

risk. Our findings are applicable to populations in

which, based on general characteristics such as

age, gender, previous medical history, smoking,

weight, blood pressure and lipid levels, similar CIMT

progression rate may be expected.

One assumption of our results is that increased CIMT

reflects atherosclerosis elsewhere in the arterial sys-

tem. This issue has been addressed in several studies

and reviews. An increased CIMT has been shown to

be related to increased prevalence of carotid plaques

in the carotid artery, to increased atherosclerosis in

the abdominal aorta, to atherosclerosis in the coronary

arteries and to atherosclerosis in the arteries of the

lower extremities [35–39]. Apart from the relation

with atherosclerosis, an increased CIMT is related to

an increased risk of future symptomatic athero-

sclerotic events [40, 41].

The data presented in this report may have important

implications for the design of new lipid modifying

treatments, in particular when investigators want to

have an early indication of benefit of their treatment

before embarking on a larger, more costly morbidity

and mortality trial. Trials using imaging to assess pro-

gression of atherosclerosis as the primary endpoint

have been proposed for this purpose as such trials can

be performed in a smaller number of subjects and

generally are of shorter duration. The present analysis

shows that for trials that assess the efficacy of lipid

modifying treatment on mean common or mean maxi-

mum CIMT progression, a duration of 12 months

may be sufficient, given appropriate sample size, high

precision of measurements and a treatment effect

comparable to that seen in the METEOR trial.

In conclusion, aggressive LDL-C lowering with rosu-

vastatin seems to exert its beneficial effect on athero-

sclerosis during the first 12 months of treatment. This

parallels the timing of event rate reduction seen in

some clinical trials in which other statins were used,

and is in line with the observation on event reduction

seen in the JUPITER trial. The finding suggests that

in trials on the efficacy of lipid lowering treatment on

CIMT progression, a duration of 12 months may be

adequate, given sufficient sample size, high precision

of measurements and treatment effect.
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