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Carotid Intima-Media Thickness in Low-Risk
Individuals With Subclinical Atherosclerosis
The METEOR Trial
John R. Crouse III, MD
Joel S. Raichlen, MD
Ward A. Riley, PhD
Gregory W. Evans, MA
Mike K. Palmer, PhD
Daniel H. O’Leary, MD
Diederick E. Grobbee, MD, PhD
Michiel L. Bots, MD, PhD
for the METEOR Study Group

LIPID-LOWERING THERAPY HAS

been shown to reduce cardio-
vascular events in a large num-
ber of studies.1-3 A 19% reduc-

tion in coronary mortality has been
recorded per 1.0-mmol/L (38.7
mg/dL) decrease in low-density lipo-
protein cholesterol (LDL-C).4 Statins
as well as other agents (bile acid
sequestrants/niacin, probucol, antihy-
pertensive medications, hypoglycemic
agents) and lifestyle change also have
been shown to slow the progression of
and even regress atherosclerosis.5 This
slowing of progression or induction of
regression by statins has previously
been demonstrated for coronary ath-
erosclerosis as assessed by quantitative
coronary angiography and intravascu-
lar ultrasound,5-7 and for carotid ath-
erosclerosis as assessed via B-mode
ultrasound measurement of carotid
intima-media thickness (CIMT).5,8-10

Most clinical trials of lipid-lowering
efficacy have shown that lowering

For editorial comment see p 1376.
Author Affiliations and a Complete List of the
METEOR Investigators appear at the end of this article.
Corresponding Author: John R. Crouse III, MD, Wake

Forest University School of Medicine, Medical Cen-
ter Blvd, Winston-Salem, NC 27157 (jrcrouse@wfubmc
.edu).

Context Atherosclerosis is often advanced before symptoms appear and it is not clear
whether treatment is beneficial in middle-aged individuals with a low Framingham risk
score (FRS) and mild to moderate subclinical atherosclerosis.

Objective To assess whether statin therapy could slow progression and/or cause re-
gression of carotid intima-media thickness (CIMT) over 2 years.

Design, Setting, and Participants Randomized, double-blind, placebo-
controlled study (Measuring Effects on Intima-Media Thickness: an Evaluation of Ro-
suvastatin [METEOR]) of 984 individuals, with either age (mean, 57 years) as the only
coronary heart disease risk factor or a 10-year FRS of less than 10%, modest CIMT
thickening (1.2-�3.5 mm), and elevated LDL cholesterol (mean, 154 mg/dL); con-
ducted at 61 primary care centers in the United States and Europe between August
2002 and May 2006.

Intervention Participants received either a 40-mg dose of rosuvastatin or placebo.

Main Outcome Measures Rate of change in maximum CIMT (assessed with B-
mode ultrasound) for 12 carotid sites; changes in maximum CIMT of the common ca-
rotid artery, carotid bulb, and internal carotid artery sites and in mean CIMT of the com-
mon carotid artery sites. CIMT regression was assessed in the rosuvastatin group only.

Results Among participants in the rosuvastatin group, the mean (SD) baseline LDL
cholesterol level of 155 (24.1) mg/dL declined to 78 (27.5) mg/dL, a mean reduction
of 49% (P�.001 vs placebo group). The change in maximum CIMT for the 12 carotid
sites was −0.0014 (95% CI, −0.0041 to 0.0014) mm/y for the rosuvastatin group vs
0.0131 (95% CI, 0.0087-0.0174) mm/y for the placebo group (P�.001). The change
in maximum CIMT for the rosuvastatin group was −0.0038 (95% CI, −0.0064 to
−0.0013) mm/y for the common carotid artery sites (P�.001), −0.0040 (95% CI,
−0.0090 to 0.0010) mm/y for the carotid bulb sites (P�.001), and 0.0039 (95% CI,
−0.0009 to 0.0088) mm/y for the internal carotid artery sites (P=.02). The change in
mean CIMT for the rosuvastatin group for the common carotid artery sites was 0.0004
(95% CI, −0.0011 to 0.0019) mm/y (P�.001). All P values are vs placebo group. Over-
all, rosuvastatin was well tolerated with infrequent serious adverse cardiovascular events
(6 participants [0.86%] had 8 events [1.1%] over 2 years).

Conclusions In middle-aged adults with an FRS of less than 10% and evidence of
subclinical atherosclerosis, rosuvastatin resulted in statistically significant reductions in
the rate of progression of maximum CIMT over 2 years vs placebo. Rosuvastatin did
not induce disease regression. Larger, longer-term trials are needed to determine the
clinical implications of these findings.

Trial Registration clinicaltrials.gov Identifier: NCT00225589
JAMA. 2007;297:1344-1353 www.jama.com
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lipid levels is beneficial irrespective of
baseline LDL-C level. However, the
majority of such trials have been per-
formed in high-risk populations, in
individuals with high lipid concentra-
tions, or in patients with existing car-
diovascular disease.

Rosuvastatin is effective at lowering
LDL-C concentrations.11,12 In addi-
tion, rosuvastatin, like other statins, has
favorable effects on other components
of the lipid and lipoprotein profile, such
as raising high-density lipoprotein cho-
lesterol (HDL-C) and reducing levels
of total cholesterol and triglycer-
ides.11,13 The Measuring Effects on In-
tima-Media Thickness: an Evaluation
of Rosuvastatin (METEOR) study was
designed to investigate the effect of a
40-mg dose of rosuvastatin on CIMT
over 2 years in middle-aged individu-
als with low Framingham risk scores
but with subclinical atherosclerosis.

METHODS
METEOR was a 2-year, double-blind,
placebo-controlled trial comparing a
40-mg dose of rosuvastatin with pla-
cebo in middle-aged asymptomatic in-
dividuals with moderately elevated cho-
lesterol and low risk of cardiovascular
disease according to the National Cho-
lesterol Education Program Adult Treat-
mentPanel III guidelinescriteria (0-1 risk
factor or �2 risk factors with a 10-year
coronary heart disease risk �10%)14 as
published previously.15 All participants
were provided counseling regarding
therapeutic lifestyle changes. Partici-
pants had evidence of thickening of the
walls of the extracranial carotid arteries
as measured by B-mode ultrasound. The
study was conducted in accordance with
the ethical principles of the Declaration
of Helsinki, the International Confer-
ence on Harmonisation of Good Clini-
cal Practice guidelines, and appropriate
regulatory requirements. The study pro-
tocol also was approved by the appro-
priate institutional review board or in-
dependent ethics committee at each site.
All participants provided written in-
formed consent.

Main inclusion criteria were age 45 to
70 years (men) or 55 to 70 years (wom-

en); screening LDL-C level of 120 to less
than 190 mg/dL (3.1-�4.9 mmol/L) for
those with only age as a coronary heart
disease risk factor or 120 to less than 160
mg/dL (3.1-�4.1 mmol/L) for individu-
als with 2 or more coronary heart dis-
ease risk factors and a 10-year risk of
coronary heart disease events of less than
10%14; HDL-C level of 60 mg/dL or lower
(�1.6 mmol/L); level of triglycerides
lower than 500 mg/dL (�5.7 mmol/L);
and maximum CIMT measurements be-
tween 1.2 mm and less than 3.5 mm from
2 separate ultrasound examinations. This
lower boundary for CIMT measure-
ment actually identifies a relatively high
wall thickness in the general popula-
tion. Thus, these participants were clini-
cally at low risk, although their intima-
media thickness criteria indicated the
presence of subclinical atherosclerosis.
This disconnect made it difficult to re-
cruit study participants. Exclusion cri-
teria included use of lipid-lowering thera-
pies in the previous 12 months, clinical
evidence of coronary artery disease or
other peripheral atherosclerotic dis-
ease, prior revascularization proce-
dures, 10-year coronary heart disease risk
10% or more, diabetes mellitus, uncon-
trolled hypertension or familial hyper-
cholesterolemia,or serumcreatininecon-
centration higher than 2 mg/dL (�177
µmol/L). Race/ethnicity was self-
reported by the individuals and re-
corded by the investigator or study co-
ordinator.

Carotid ultrasound examinations
were performed twice before random-
ization, once each at 6, 12, and 18
months after randomization, and then
twice at the end of 24 months of study
treatment. Adverse events were re-
ported every 3 months at clinic visits
or at interim periods when notified.

Eligible individuals were random-
ized to either the placebo or rosuvas-
tatin group in blocks of 7 (5 to the ro-
suvastatin group and 2 to the placebo
group) at each clinical site. Blinded
study medication was supplied in in-
dividual numbered bottles prepared
prior to the clinic visits and eligible in-
dividuals were allocated study medi-
cation sequentially. Investigators

checked adherence but were unaware
of treatment allocations for the dura-
tion of the study.

End Points

The primary end point was annual-
ized rate of change in maximum CIMT
based on all scans performed during the
2-year study period from each of the 12
carotid artery sites (near and far walls
of the right and left common carotid ar-
tery, carotid bulb, and internal carotid
artery). Secondary CIMT end points
were annualized rate of change in maxi-
mum CIMT derived from the near and
far walls of: the right and left common
carotid artery; the right and left ca-
rotid bulb; the right and left internal ca-
rotid artery; and annualized rate of
change in mean CIMT for the near and
far walls of the right and left common
carotid artery.

Sample size in the rosuvastatin group
was estimated to demonstrate statisti-
cally significant regression at 2 years,
assuming a 2-sided level of statistical
significance of .05, 80% power, and a
mean (SD) decrease in CIMT of –0.008
(0.058) mm/y.16-20 This resulted in a re-
quirement of 415 individuals for the ro-
suvastatin group. Sample size in the pla-
cebo group (n = 167) was then
determined to provide more than 90%
power for the between-group compari-
son, assuming a mean (SD) increase in
CIMT in the placebo group of 0.012
(0.058) mm/y.16-19,21 Therefore, partici-
pants were randomized in a 5:2 ratio
to have sufficient power for both ob-
jectives. Allowing for a 30% with-
drawal rate over the 2 years of the study,
the intention was to enroll 840 partici-
pants randomized at a ratio of 5 par-
ticipants to the rosuvastatin group and
2 participants to the placebo group.

B-mode Ultrasound Method

Standardized longitudinal B-mode im-
ages were obtained of the near and far
walls of the 3 segments of the carotid
artery, as detailed elsewhere.15 The com-
mon carotid artery was assessed in the
segment extending from 10 to 20 mm
proximal to the tip of the flow divider.
The carotid bifurcation was assessed

ROSUVASTATIN FOR CAROTID INTIMA-MEDIA THICKNESS IN SUBCLINICAL ATHEROSCLEROSIS
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from the tip of the flow divider, ex-
tending 10 mm proximal to the tip of
the flow divider. The internal carotid
artery was assessed in the 10 mm dis-
tal to the tip of the flow divider. The
Meijer carotid arc was used to image the
artery at prespecified angles. All ultra-
sound scans were read with Image Pro
software (Microsoft, Redmond, Wash),
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. Measure-
ments were performed on images from
selected angles. For the right carotid ar-
tery, measurements were performed
with the Meijer carotid arc at 60°, 90°,
120°, 150°, and 180° and for the left ca-
rotid artery at 300°, 270°, 240°, 210°,
and 180°. For the near and far walls of
the right and left carotid bifurcation and
internal carotid artery, measurements
were made only of the maximum CIMT
at all selected angles. For the common
carotid artery, measurements were
made of both the mean and maximum
CIMT of each wall at all selected angles.

All readers completed a uniform
training program. All 7 scans were read
in a batch fashion and in random or-
der after each individual had finished
the study to exclude any potential for
reader drift in measurements. Batches
were read by a single reader to avoid
interreader variability.

The intraclass correlation coefficient
for the mean of the 12 site-specific maxi-
mum CIMT values was 0.93 based on the
2 duplicate scans at baseline (n=876
paired values); the mean (SD) absolute
difference was 0.056 (0.049) mm, the
median absolute difference was 0.042
(range, 0 to 0.320) mm, and the mean
(SD) difference was 0.002 (0.074) mm.
Duplicate scans at the end of study
(n=716 paired values) yielded almost
identical results.

Laboratory Parameters

All laboratory services were per-
formed by Covance Central Labora-

tory Services Inc (Indianapolis, Ind, and
Geneva, Switzerland).

Fasting lipid and lipoprotein levels
were measured at baseline, 3 months,
1 year, and 2 years. Apolipoprotein lev-
els were measured at baseline and at the
end of the study. The central laborato-
ries were certified for standardization
of lipid analysis as specified by the Stan-
dardization Program of the US Cen-
ters for Disease Control and Preven-
tion and the National Heart, Lung, and
Blood Institute Part III Lipid Standard-
ization Program.22

Clinical laboratory assessments in-
cluded liver function tests, creatine ki-
nase level, creatinine level, electrolytes,
fasting serum glucose, hematological
measurements, and urinalysis, which
were measured every 3 months. Esti-
matedglomerular filtrationratewascal-
culated using the Modification of Diet
inRenalDiseaseglomerularfiltrationrate
formula.23

Safety Assessments

Safety was assessed by vital signs, ad-
verse event reports, clinical labora-
tory data, and electrocardiograms.
Blood pressure and resting heart rate
were measured at every clinic visit dur-
ing the study. Adverse events were re-
ported at each study visit by means of
standard questions. Clinically signifi-
cant abnormal laboratory values, vital
signs, or other physical findings were
recorded as adverse events. Electrocar-
diograms were performed at baseline
and at the end of the study.

Data Analysis

Data on CIMT were analyzed accord-
ing to a modified intention-to-treat
principle in all individuals with at least
1 additional CIMT reading after the
baseline studies.

A multilevel, repeated measures, lin-
ear mixed-effects model was used for
the analysis of the primary and second-
ary CIMT end points.17,24,25 The levels
used for the data were defined by (1)
the individual participant and (2) the
carotid artery site within the partici-
pant. The repeated measure was time.
The model was specified in terms of

fixed effects for carotid artery site, age,
sex, scan reader, ultrasound machine,
treatment group, time, and the inter-
action between treatment group and
time. Time as a continuous variable was
the interval from the date of random-
ization to date of CIMT measurement.
To assess the linearity of changes in
CIMT values across the study measure-
ments, time-squared terms were in-
cluded in the model. Random effects
within the model were intercept and
slope for individual participants and
sites within participants.

The dependent variable was maxi-
mum CIMT. For analysis of the pri-
mary end point, each participant pro-
vided up to 12 maximum CIMT values
at each assessment (ie, 1 for each ca-
rotid site that could be visualized). For
secondary end points, each partici-
pant provided up to 4 CIMT values (the
near and far walls of the right and left
common carotid artery, internal ca-
rotid artery, or carotid bulb) at each as-
sessment. The model used the rate of
change at each site for each partici-
pant to create estimates of annualized
rate of change for the end point in each
treatment group. Site-specific CIMT val-
ues within participants were likely to
be correlated. The model allowed for
this by nesting site effects within par-
ticipant effects, reflecting the multi-
level nature of the data. For tests of sta-
tistical significance, variability was
assessed within treatment groups with
the participant being the unit of
observation.

For analysis of the primary end
point, a sequential testing procedure
was used. First, the difference in annu-
alized rate of change between the 2
randomized treatment groups was
tested by evaluating the statistical sig-
nificance of the time�treatment inter-
action term. If this was statistically sig-
nificant (P�.05), and the annualized
rate of change within the rosuvastatin
group was negative, then a further
test for significant regression was
performed to compare change after
treatment with rosuvastatin with no
change. Sequential testing also was
performed for secondary end points.
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Nominal P values are presented
throughout without adjustment.

The model fitted regression lines to
profiles of CIMT values consisting of
2 values prior to randomization, 3 val-
ues from visits during the treatment pe-
riod, and values from 2 end of study vis-
its. Imputation methods were not
necessary because if a participant with-
drew from the study with an incom-
plete profile after the ultrasound visit
at 6 months, the annualized rate of
change for that individual could still be
estimated from the data available. This
regression approach was appropriate
because CIMT values (and therefore the
primary and secondary end points based
on them) were expected to change in
a linear fashion over time.

To deal with missing data, regres-
sion lines were fitted using restricted
maximum likelihood methods to site-
specific CIMT values rather than to
means over carotid sites. The reason for
this is that some carotid artery sites were
consistently more difficult to visualize
than others, giving rise to missing data
for approximately 1% to 5% of scans,
depending on the site. As sites also dif-
fered in thickness, simple averaging of
CIMT values over 12 carotid sites would
be biased, and regression lines fit to
such data could have exhibited addi-
tional variability. Therefore, the model-
based approach described above was
used with the essential feature being the
estimation of rates of change from re-
gression lines for the 2 randomized
groups from the model.

Percentage change from baseline in
lipid and lipoprotein levels was as-
sessed using analysis of covariance with
terms for treatment and region in the
model. Missing data at the end of the
study were accounted for using last ob-
servation carried forward. Time-
weighted averages also were calcu-
lated for lipid variables. These more
precisely reflect change during the
2-year treatment period and were de-
fined as the lipid value multiplied by
the number of days since the last lipid
assessment, summed for all lipid ob-
servations and divided by the sum of
days between all visits.

The safety population consisted of all
participants who received at least 1 dose
of study medication during the 104-
week treatment period. Safety data were
summarized by actual treatment re-
ceived. Although the study was not
powered to make safety comparisons,
and formal tests of statistical signifi-
cance were not performed, there was a
50% chance of observing at least 1 case
of any adverse event among 700 par-
ticipants treated with rosuvastatin with
a true incidence of 1 episode per 1000
patients.

S-Plus version 6.2 (S-PLUS, Insight-
ful Corp, Seattle, Wash) was used to
analyze CIMT data and SAS version 8.2
(SAS Institute Inc, Cary, NC) was used
for analyses of other data. All statisti-
cal tests were 2-sided and P values less
than .05 were considered significant.

RESULTS
Participant Enrollment
and Characteristics

Individuals were enrolled from Au-
gust 2002 to March 2004, and the last
participant completed the study in May

Figure 1. Study Participant Flow

282 Assigned to Receive Placebo
281 Received Placebo as Assigned

1  Did Not Receive Placebo as
Assigned and Withdrew Consent

702 Assigned to Receive Rosuvastatin
700 Received Rosuvastatin as Assigned

2  Did Not Receive Rosuvastatin as
Assigned and Withdrew Consent

5751 Patients Screened

984 Randomized

4767 Excluded
4471 Did Not Meet Lipid Eligibility Criteria

or Were Not at Low Risk According
to Framingham Score

191 Withdrew Consent
49 Lost to Follow-up
27 Investigator’s Discretion
29 Other

208 Completed 24-mo Follow-up530 Completed 24-mo Follow-up

76 Discontinued Study Prior to
Any Follow-up CIMT
40 Adverse Events
3 Nonadherence

22 Withdrew Consent
3 Lost to Follow-up
8 Other

29 Discontinued Study Prior to
Any Follow-up CIMT
11 Adverse Events
1 Nonadherence

11 Withdrew Consent
2 Lost to Follow-up
1 Investigator’s Decision
3 Other

94 Discontinued Study After Completing
≥1 Follow-up CIMT
39 Adverse Events
2 Nonadherence

23 Withdrew Consent
10 Lost to Follow-up
2 Investigator’s Discretion

18 Other

44 Discontinued Study After Completing
≥1 Follow-up CIMT
11 Adverse Events
3 Nonadherence

16 Withdrew Consent
6 Lost to Follow-up
2 Investigator’s Discretion
6 Other

624 Included in Primary Efficacy Analysis
78 Excluded

2 Did Not Receive Study Medication
and Withdrew Consent

76 Discontinued Study Prior to
Any Follow-up CIMT

252 Included in Primary Efficacy Analysis
30 Excluded

1 Did Not Receive Study Medication
and Withdrew Consent

29 Discontinued Study Prior to
Any Follow-up CIMT

700 Included in Safety Analysis
2 Excluded (Did Not Receive Study

Medication and Withdrew Consent)

281 Included in Safety Analysis
1 Excluded (Did Not Receive Study

Medication and Withdrew Consent)

CIMT indicates carotid intima-media thickness.
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2006. In total, 5751 individuals were
screened and 984 were randomized. In-
dividuals were initially screened for

lipid concentrations. Those meeting
lipid entry criteria were then assessed
to exclude individuals who were not at

low risk according to Framingham cri-
teria. This eliminated the majority of in-
dividuals from the study. Individuals
considered low risk and who met all
other study entry criteria were sent for
carotid ultrasound scans to determine
eligibility by CIMT criteria. The modi-
fied intention-to-treat population con-
sisted of 624 individuals in the rosu-
vastatin group (89%) and 252 in the
placebo group (89%) (FIGURE 1). There
were 172 participants in the rosuvas-
tatin group (25%) who discontinued
participation in the study and 74 in the
placebo group (26%). Adverse events
led to 79 withdrawals (11%) from the
rosuvastatin group and 22 (8%) from
the placebo group. Forty-seven indi-
viduals (6.7%) in the rosuvastatin group
withdrew consent and 28 (9.9%) with-
drew consent in the placebo group.

Baseline characteristics were well-
balanced between the 2 groups
(TABLE 1). In total, 967 participants
(98% of the population) were at low
Framingham risk, 16 participants
(1.6%) were at moderate risk, and 2 in-
dividuals (1 enrolled with diabetes and
1 with undisclosed coronary artery dis-
ease, both representing deviations from
the study protocol) were at high risk.
Mean LDL-C level was 155 mg/dL (4.0
mmol/L) in the rosuvastatin group and
154 mg/dL (3.99 mmol/L) in the pla-
cebo group (TABLE 2). Baseline con-
centrations of total cholesterol, triglyc-
erides, and HDL-C were similar
between the 2 groups.

Effects of Rosuvastatin on Lipid
and Lipoprotein Levels

Rosuvastatin treatment was associ-
ated with a 49% reduction in LDL-C
level, a 34% reduction in total choles-
terol level, an 8% increase in HDL-C
level, and a 16% reduction in level of
triglycerides (all P�.001 compared with
placebo; Table 2).

Effects of Rosuvastatin on CIMT

In the rosuvastatin group, 624 partici-
pants had CIMT scans at 0 months, 618
participants at 6 months, 594 partici-
pants at 12 months, 554 participants at
18 months, and 538 participants at 24

Table 1. Baseline Characteristics

No. (%) of Individuals*

Rosuvastatin
(n = 702)

Placebo
(n = 282)

Age, mean (SD), y 57 (6.2) 57 (6.0)
Men 421 (60) 167 (59)
White race 659 (94) 268 (95)
Body mass index, mean (SD)† 27.1 (4.0) 27.5 (4.0)
Blood pressure, mean (SD), mm Hg‡

Systolic 124 (13.4) 125 (13.6)
Diastolic 77 (8.2) 78 (8.5)

Fasting blood glucose, mean (SD), mg/dL‡ 95 (12) 97 (14)
Impaired renal function§ 122 (19) 37 (15)
Estimated glomerular filtration rate�

Normal (�90 mL/min per 1.73 m2) 280 (43) 97 (38)
Mild decrease (60-�90 mL/min per 1.73 m2) 350 (54) 156 (61)
Moderate decrease (30-�60 mL/min per 1.73 m2) 15 (2.3) 2 (0.8)

Concomitant medication use
Aspirin 17 (2) 7 (3)
Antihypertensive 96 (14) 40 (14)

The metabolic syndrome¶ 104 (15) 46 (16)
Body mass index �30† 141 (20) 60 (21)
Triglycerides �150 mg/dL (�1.70 mmol/L) 318 (45) 142 (50)
HDL cholesterol

Men: �40 mg/dL (�1.04 mmol/L) 73 (17) 28 (17)
Women: �50 mg/dL (�1.30 mmol/L) 112 (40) 43 (37)

Diastolic blood pressure �85 mm Hg,
systolic blood pressure �130 mm Hg,
or taking antihypertensive medication

191 (27) 84 (30)

Fasting blood glucose �110 mg/dL (�6.11 mmol/L) 55 (8) 32 (11)
�2 CHD risk factors 223 (32) 111 (39)
CHD risk factors#

Family history of premature CHD** 65 (9) 31 (11)
Smoking (during the previous month) 22 (3) 16 (6)
Hypertension (�140/90 mm Hg or taking

antihypertensive medication)
138 (20) 58 (21)

HDL cholesterol
�40 mg/dL (�1.04 mmol/L) 64 (9) 36 (13)
�60 mg/dL (�1.55 mmol/L)†† 46 (7) 12 (4.3)

(n = 624) (n = 252)
Mean of maximum CIMT, mean (SD), mm

12 Carotid artery sites 1.15 (0.19) 1.17 (0.20)
Common carotid artery sites 1.01 (0.17) 1.02 (0.18)
Carotid bulb sites 1.39 (0.28) 1.41 (0.28)
Internal carotid artery sites 1.06 (0.27) 1.06 (0.28)

Mean of mean CIMT, mean (SD), mm
Common carotid artery sites 0.76 (0.12) 0.76 (0.12)

Abbreviations: CHD, coronary heart disease; CIMT, carotid intima-media thickness; HDL, high-density lipoprotein.
SI conversion factor: To convert glucose to mmol/L, multiply by 0.0555.
*Unless otherwise indicated.
†Calculated as weight in kilograms divided by height in meters squared.
‡Values based on randomized safety population (rosuvastatin: n = 700; placebo: n = 281).
§Defined as creatinine clearance of 80 mL/min or less (�1.33 mL/s).
�Determined using the following formula: 186 � (serum creatinine in mg/dL)−1.154 � (age in years)−0.203 � (0.742 if fe-

male) or (1.210 if black) or (0.742 � 1.210 if black female). Data missing for 54 participants in the rosuvastatin group
and 27 in the placebo group.

¶Defined as having 3 or more of risk factors listed as subcategories.
#Defined by the National Cholesterol Education Program Adult Treatment Panel III gudelines.14

**Defined as CHD in a first-degree male relative younger than 55 years or in a first-degree female relative younger than
65 years.

††This level is a negative risk factor and its presence subtracts 1 risk factor from the total.
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months compared with 252, 252, 240,
222, and 211 participants, respec-
tively, in the placebo group. All par-
ticipants had duplicate scans at base-
line. At 24 months, 514 participants in
the rosuvastatin group and 202 partici-
pants in the placebo group had dupli-
cate scans.

Compared with placebo, rosuvas-
tatin significantly slowed progression
of the maximum CIMT for the 12 ca-
rotid sites (rosuvastatin group: change
in CIMT, −0.0014 mm/y [95% confi-

dence interval {CI}, −0.0041 to 0.0014
mm/y]; placebo group: change in CIMT,
0.0131 mm/y [95% CI, 0.0087-0.0174
mm/y]; P� .001) (TABLE 3 and
FIGURE 2). For all secondary CIMT end
points (ie, segment-specific rates of
change), similar results were ob-
served (all P�.001, except for the
change in internal carotid artery, which
was P=.02) (Table 3).

Statistically significant regression was
not observed in the rosuvastatin group
(ie, the rate of change in the primary

end point for the rosuvastatin group of
–0.0014 mm/y [95% CI, −0.0041 to
0.0014 mm/y] was not significantly dif-
ferent from zero; P=.32) (Table 3). For
secondary end points, significant re-
gression was observed in maximum
CIMT of the common carotid artery
(−0.0038 mm/y [95% CI, −0.0064 to
−0.0013 mm/y]; P=.004) but not for the
other segments.

In the placebo group, as evidenced by
the 95% CIs, there was significant pro-
gression for the primary and secondary

Table 2. Lipid and Lipoprotein Parameters at Baseline and During Treatment

Baseline, Mean (SD)
Time-Weighted Average

During Treatment, Mean (SD)* % Change (SE)†

Rosuvastatin
(n = 624)

Placebo
(n = 252)

Rosuvastatin
(n = 624)

Placebo
(n = 252)

Rosuvastatin
(n = 624)

Placebo
(n = 252)

Lipid levels, mg/dL
LDL cholesterol 155 (24.1) 154 (24.2) 78 (27.5) 152 (23.4) −48.8 (0.7) −0.3 (1.1)

Total cholesterol 229 (28.7) 230 (27.7) 151 (31.0) 230 (27.7) −33.7 (0.5) 0.3 (0.8)

HDL cholesterol 50 (9.0) 49 (9.2) 53 (9.6) 50 (9.4) 8.0 (0.6) 2.8 (0.9)

Triglycerides 126 (64.3) 134 (67.8) 98 (47.7) 139 (69.6) −15.7 (1.4) 10.1 (2.3)

Non–HDL cholesterol 180 (27.4) 181 (27.2) 98 (30.9) 180 (26.8) −45.1 (0.6) 0 (0.98)

Cholesterol ratios
Total to HDL 4.75 (0.96) 4.84 (1.01) 2.93 (0.80) 4.77 (0.93) −37.3 (0.6) −0.3 (0.96)

LDL to HDL 3.21 (0.77) 3.25 (0.77) 1.54 (0.65) 3.17 (0.73) −51.2 (0.8) −0.7 (1.2)

Non–HDL to HDL 3.75 (0.96) 3.84 (1.01) 1.93 (0.80) 3.77 (0.93) −47.6 (0.8) 0 (1.2)

Apolipoprotein levels, mg/dL‡
B-100 116 (18.1) 117 (17.9) 72 (24.4) 115 (19.7) −38.4 (0.8) −1.9 (1.2)

A-I 152 (20.0) 152 (19.9) 161 (21.7) 157 (21.1) 6.7 (0.5) 3.4 (0.8)

Ratio of apolipoprotein B-100
to apolipoprotein A-I‡

0.77 (0.15) 0.79 (0.16) 0.46 (0.18) 0.75 (0.15) −41.5 (0.8) −4.5 (1.3)

Abbreviations: HDL, high-density lipoprotein; LDL, low-density lipoprotein.
SI conversion factors: To convert HDL, LDL, and total cholesterol to mmol/L, multiply by 0.0259; triglycerides to mmol/L, multiply by 0.0113.
*Time-weighted average was defined as the lipid value multiplied by number of days since the last lipid assessment, summed for all lipid observations and divided by the sum of

days between all visits. Results are least-squares means from analysis of covariance.
†P�.001 for all comparisons of rosuvastatin with placebo.
‡Final visit and change from baseline to final visit presented instead of time-weighted average.

Table 3. Changes in the Primary and Secondary End Points

Change in CIMT (95% CI), mm/y P Value

Rosuvastatin
(n = 624)

Placebo
(n = 252) Difference

Rosuvastatin
vs Placebo

Within Rosuvastatin
Group vs No Change

Primary
Maximum CIMT for 12 carotid

artery sites
−0.0014

(−0.0041 to 0.0014)
0.0131

(0.0087 to 0.0174)
−0.0145

(−0.0196 to −0.0093)
�.001 .32

Secondary
Maximum CIMT (4 sites each)

Common carotid artery sites −0.0038
(−0.0064 to −0.0013)

0.0084
(0.0043 to 0.0124)

−0.0122
(−0.0170 to −0.0074)

�.001 .004

Carotid bulb sites −0.0040
(−0.0090 to 0.0010)

0.0172
(0.0094 to 0.0251)

−0.0212
(−0.0306 to −0.0119)

�.001 .11

Internal carotid artery sites 0.0039
(−0.0009 to 0.0088)

0.0145
(0.0068 to 0.0221)

−0.0105
(−0.0196 to −0.0015)

.02 .11

Mean CIMT (4 sites)
Common carotid artery sites 0.0004

(−0.0011 to 0.0019)
0.0088

(0.0064 to 0.0112)
−0.0085

(−0.0113 to −0.0056)
�.001 .64

Abbreviations: CI, confidence interval; CIMT, carotid intima-media thickness.
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CIMT end points. In contrast, signifi-
cant progression was not observed in the
rosuvastatin group for either the pri-
mary or secondary CIMT end points.

Subgroup Analyses
The effects of rosuvastatin in prespeci-
fied subgroups of individuals were
evaluated. Individuals were divided ac-
cording to their age, sex, geographical
location, race, body mass index (cal-
culated as weight in kilograms di-
vided by height in meters squared), risk
factors, presence of hypertension, and
baseline mean values for each of the
lipid and lipoprotein parameters. Re-
sults were robust for the rosuvastatin
group and differences between the 2
groups were consistent across all pre-
specified subgroups. Although some
differences in baseline characteristics
existed between the US and European
participants,26 there were no apparent
differences in the baseline mean of
maximum CIMT (1.15 mm in both the
United States and Europe), and no ap-
parent differences in treatment effects
(differences in rates of change be-
tween the rosuvastatin and the pla-
cebo group were –0.0145 mm/y in Eu-
rope and –0.0135 mm/y in the United
States).

Sensitivity Analysis

Several exploratory analyses were un-
dertaken to assess the potential im-
pact of missing data. Conservative
analyses were performed to determine
the possible effect of missing data due
to early withdrawal. In a worst-case
analysis, individuals in the placebo
group had values imputed after with-
drawal as if they had no further pro-
gression, while individuals in the ro-
suvastatin group were given imputed
values after withdrawal as if they had
progressed at the average rate of par-
ticipants in the placebo group. The
effect was to dilute the between-group
difference in rate of change of the pri-
mary end point to –0.0117 mm/y (vs
–0.0145 mm/y without imputation),
which remained statistically signifi-
cant (P�.001). Additional analyses
were performed on a per protocol popu-
lation and consistent results were
obtained.

To assess the linearity of change in
maximum CIMT between baseline
and week 104, time-squared terms

were included in the model in the
intention-to-treat population. Neither
term was statistically significant
(P=.17 for the rosuvastatin group and
P=.97 for the placebo group), indicat-
ing that the rate of change was con-
stant over the 2-year period. Similar
results were observed when this
model was applied only to partici-
pants who completed the study.

Safety

The frequency of adverse events was
similar between the treatment groups
(TABLE 4). Myalgia was the most com-
monly occurring event (12.7% in the
rosuvastatin group and 12.1% in the
placebo group). Serious adverse car-
diovascular events were infrequent (6
participants [0.86%] had 8 events
[1.1%] in the rosuvastatin group vs
0% in the placebo group). There was 1
death during the study; a 64-year-old
man in the rosuvastatin group devel-
oped paresthesias leading to amnesia,
visual disturbances, and blindness
over a 5-month period beginning 1
week prior to rosuvastatin exposure,
and died 2 months after the last dose
of study medication. The cause of
death was reported to be Creutzfeldt-
Jakob disease. The death was not con-
sidered related to treatment by the
investigator.

Ischemic cardiovascular events were
not specifically adjudicated in METEOR
given the anticipated low frequency
among the study population. How-
ever, 6 participants in the rosuvastatin
group (0.86%) experienced treatment-
emergent ischemic cardiovascular
events during the 2 years of the study
(3 experienced angina pectoris, 2 ex-
perienced acute coronary syndromes,
and 1 participant with undisclosed
coronary artery disease experienced a
myocardial infarction). None of these
events was considered to be related to
treatment. No treatment-emergent is-
chemic cardiovascular events were re-
ported in the placebo group. There were
no cases of hepatitis, rhabdomyolysis
(defined by the American College of
Cardiology and the American Heart As-
sociation27 as muscle symptoms with

Figure 2. Change in Maximum Carotid
Intima-Media Thickness (CIMT) for the
Primary End Point
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on 12 carotid artery sites. Gray shading indicates 95%
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Table 4. Commonly Reported Treatment-
Emergent Adverse Events in Safety Population

Type of
Adverse Event

No. (%) of Patients
With Adverse Events
in Safety Population

Rosuvastatin
(n = 700)

Placebo
(n = 281)

Any event 583 (83.3) 226 (80.4)
Myalgia 89 (12.7) 34 (12.1)
Arthralgia 71 (10.1) 20 (7.1)
Back pain 59 (8.4) 29 (10.3)
Muscle spasms 26 (3.7) 8 (2.8)
Diarrhea 24 (3.4) 11 (3.9)
Tendinitis 23 (3.3) 6 (2.1)
Pain in extremity 20 (2.9) 6 (2.1)
Creatine

phosphokinase
increased*

18 (2.6) 2 (0.7)

Hematuria* 16 (2.3) 8 (2.8)
Nausea 16 (2.3) 7 (2.5)
Constipation 16 (2.3) 12 (4.3)
Shoulder pain 14 (2.0) 8 (2.8)
Neck pain 11 (1.6) 3 (1.1)
Hepatic enzyme

increased*
11 (1.6) 2 (0.7)

Arthritis 11 (1.6) 2 (0.7)
Alanine

aminotransferase
increased*

10 (1.4) 0

Musculoskeletal
stiffness

8 (1.1) 10 (3.6)

Aspartate
aminotransferase
increased*

7 (1.0) 0

Proteinuria* 6 (0.9) 3 (1.1)
Muscular weakness 5 (0.7) 3 (1.1)
*Abnormal laboratory values considered adverse events by

the investigator.
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creatine kinase elevation 10 times the
upper limit of normal [ULN] and cre-
atinine elevation usually with brown
urine and urinary myoglobin), or re-
nal failure.

Elevations in alanine aminotrans-
ferase higher than 3 times the ULN on
2 consecutive occasions were experi-
enced by 4 individuals (0.6%) in the
rosuvastatin group and 1 individual
(0.4%) in the placebo group. Three
participants (1 in the rosuvastatin
group and 2 in the placebo group)
experienced elevations of creatine
kinase to higher than 10 times the
ULN. The 1 participant in the rosu-
vastatin group who had experienced
exercise-associated muscle pain with
the creatine kinase elevation of higher
than 10 times the ULN (3059 U/L)
continued taking the study medica-
tion and creatine kinase levels subse-
quently declined to the normal range.
Two individuals in the placebo group
had creatine kinase values higher than
10 times the ULN (3700 U/L and
3724 U/L) after the qualifying visit
but prior to receiving study medica-
tion. Neither individual had muscle
symptoms and both completed the
study with follow-up creatine kinase
levels declining to the normal range.
The frequency of proteinuria (a shift
in dipstick urine protein from none or
trace at baseline to �2� during the
study) was low (0.3% of participants
in the rosuvastatin group and 0.4% of
participants in the placebo group at
the final visit). There was a decrease
in glomerular filtration rate for both
treatment groups over the 2 years;
mean absolute change from baseline
to final visit was –3.82 mL/min per
1.73 m2 for the rosuvastatin group
and –4.47 mL/min per 1.73 m2 for the
placebo group. Overall, the frequency
of adverse renal effects was low and
similar in both groups.

COMMENT
Results of the METEOR trial show that
a 40-mg dose of rosuvastatin signifi-
cantly slowed progression of atheroscle-
rosis both overall and for individual ca-
rotid segments as assessed by CIMT

measurements. Furthermore, rosuvas-
tatin lowered LDL-C concentration by
48.8% and raised HDL-C concentra-
tion by 8.0% compared with baseline
concentrations; these lipid effects of ro-
suvastatin are consistent with previous
studies.6,11,12,28 The 40-mg dose of rosu-
vastatin used in this study is not a rec-
ommended starting dose but was cho-
sen to provide the maximum efficacy
expected to slow or delay progression of
atherosclerosis or even facilitate regres-
sion.

The findings of the METEOR trial
compare well with results from other
trials on the effects of statin therapy on
progression of CIMT.5,8 Nearly all of the
previously published lipid-lowering
trials showed a reduced progression in
the treatment group compared with the
control (placebo) groups.29 However,
most of these studies were performed
in secondary prevention populations or
in high-risk patients with elevated
LDL-C levels. The METEOR trial ex-
pands the findings of previous trials to
asymptomatic patients, who have no
current requirement for statin use, and
have low Framingham risk scores, evi-
dence of subclinical carotid atheroscle-
rosis, and modestly elevated lipid con-
centrations.

Rosuvastatin did not result in statis-
tically significant regression of CIMT.
Given the intima-media thickness inclu-
sion criteria, the participants did not have
advanced atherosclerosis and so it may
have been optimistic to expect rosuvas-
tatin to cause regression. We chose low-
risk individuals with only mild athero-
sclerosis for the study to justify the use
of a placebo group. In contrast to the sig-
nificant progression of atherosclerosis in
the placebo group, no significant pro-
gression was observed in the rosuvas-
tatin group. These results indicate that
even in this low-risk, middle-aged popu-
lation with mild atherosclerosis, choles-
terol management with rosuvastatin
slows the progression of CIMT com-
pared with placebo over a 2-year pe-
riod. This suggests that rosuvastatin can
affect even small increases of CIMT as-
sociated with early abnormalities of ar-
terial (presumably intimal) structure.

In comparison, in a Study to Evalu-
ate the Effect of Rosuvastatin on Intra-
vascular Ultrasound-Derived Coro-
nary Atheroma Burden (ASTEROID),6

which included patients with more ad-
vanced atherosclerosis, treatment with
a 40-mg dose of rosuvastatin for 2 years
resulted in regression of coronary ath-
erosclerosis compared with baseline, as
assessed by intravascular ultrasound.
Presumably, the presence of more ad-
vanced disease in ASTEROID allowed
detection of regression that was not ob-
served in METEOR. Although a reduc-
tion in clinical events by rosuvastatin
has not yet been demonstrated, in-
creased CIMT has been linked to in-
creased cardiovascular risk in asymp-
tomatic adults30-32 and a reduced
progression of CIMT in statin trials is
congruent with a reduction in cardio-
vascular events.33

Several issues regarding the design
and findings of the study need to be ad-
dressed. First, progression of maxi-
mum CIMT over the 12 sites, includ-
ing the common carotid, carotid bulb,
and internal carotid, was chosen as the
primary end point because it best re-
flects changes in atherosclerosis.34 This
is in contrast to several other trials in
which the progression of the common
CIMT was used as the primary end
point, based on the rationale that a
change in mean common CIMT pre-
dicts cardiovascular disease.35 How-
ever, in the present study, rosuvas-
tatin slowed progression of mean
common CIMT in a similar magni-
tude to that of the maximum CIMT.

Second, the number of individuals
randomized was more than intended
based on the protocol. This was due to
the difficulty of stopping recruitment
while potentially eligible participants
in the screening period were awaiting
central reading of eligibility CIMT
scans.

Third, the modified intention-to-
treat analysis was based on a smaller
number of participants than was ran-
domized. This was due to exclusion of
individuals who withdrew within 6
months of randomization and did not
have a follow-up ultrasound scan to
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determine the change in CIMT. To
examine whether withdrawal (ie,
absence of a postbaseline CIMT
measurement) might have affected
our results, we studied whether base-
line characteristics, risk factors, and
assignment of treatment were related
to CIMT measurement during the
study. In these analyses (data available
on request), neither baseline charac-
teristics, risk factors, nor treatment
assignment were related to absence of
a postbaseline CIMT measurement.
These results suggest that any bias in
the study findings that might result
from the exclusion of individuals with
no postbaseline measurement was
minimal.

METEOR is a study of CIMT pro-
gression using 2 core laboratories (1 in
the United States and 1 in Europe). Al-
though we used an identical ultra-
sound protocol, rigorous quality con-
trol, and identical reading stations for
offline assessment of CIMT, some dif-
ferences in interpretation might have
remained. However, the treatment ef-
fects in Europe were similar to those in
the United States. Finally, a unique fea-
ture of METEOR was that potential drift
in CIMT measurements was excluded
by having all scans of the same indi-
vidual read in random order by 1 reader
over a short period at the end of the
study.

A 40-mg dose of rosuvastatin was
well tolerated during the 2-year study
period and showed a similar safety pro-
file to that of placebo. The majority of
adverse events were mild to moderate
in intensity. The most frequently re-
ported adverse event was myalgia.

In conclusion, the findings of
METEOR demonstrate that in middle-
aged adults with Framingham risk
scores lower than 10% and evidence of
subclinical atherosclerosis, rosuvas-
tatin treatment resulted in statistically
significant reductions in the rate of
progression of maximum CIMT dur-
ing a 2-year period compared with
placebo. Rosuvastatin did not induce
regression overall. Larger, longer-
duration randomized trials focused on
clinical events are needed to deter-

mine the practice implications of these
findings.
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