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LOWERING OF LOW-DENSITY LIPO-
protein cholesterol (LDL-C)
with statins has in the last de-
cade become part of the stan-

dard treatment regimen in patients with
established coronary heart disease
(CHD). Following the publication of
the results of the Scandinavian Simva-
statin Survival Study (4S) in 1994,1 the
most common treatment regimen for
such patients in northern Europe has
been simvastatin, 20 to 40 mg/d. In a
recent trial among patients with acute
coronary syndromes, incremental ben-
efit was demonstrated with more in-
tensive lowering of LDL-C to well be-
low 100 mg/dL.2 In the Treating to New
Targets (TNT) study comparing high
and low doses of atorvastatin in stable
nonacute CHD, a significant improve-
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Context Evidence suggests that more intensive lowering of low-density lipoprotein cho-
lesterol (LDL-C) than is commonly applied clinically will provide further benefit in stable
coronary artery disease.

Objective To compare the effects of 2 strategies of lipid lowering on the risk of car-
diovascular disease among patients with a previous myocardial infarction (MI).

Design, Setting, and Participants The IDEAL study, a prospective, randomized,
open-label, blinded end-point evaluation trial conducted at 190 ambulatory cardiology
care and specialist practices in northern Europe between March 1999 and March 2005
with a median follow-up of 4.8 years, which enrolled 8888 patients aged 80 years or
younger with a history of acute MI.

Interventions Patients were randomly assigned to receive a high dose of atorvas-
tatin (80 mg/d; n=4439), or usual-dose simvastatin (20 mg/d; n=4449).

Main Outcome Measure Occurrence of a major coronary event, defined as coro-
nary death, confirmed nonfatal acute MI, or cardiac arrest with resuscitation.

Results During treatment, mean LDL-C levels were 104 (SE, 0.3) mg/dL in the sim-
vastatin group and 81 (SE, 0.3) mg/dL in the atorvastatin group. A major coronary event
occurred in 463 simvastatin patients (10.4%) and in 411 atorvastatin patients (9.3%)
(hazard ratio [HR], 0.89; 95% CI, 0.78-1.01; P=.07). Nonfatal acute MI occurred in
321 (7.2%) and 267 (6.0%) in the 2 groups (HR, 0.83; 95% CI, 0.71-0.98; P = .02),
but no differences were seen in the 2 other components of the primary end point. Ma-
jor cardiovascular events occurred in 608 and 533 in the 2 groups, respectively (HR, 0.87;
95% CI, 0.77-0.98; P=.02). Occurrence of any coronary event was reported in 1059
simvastatin and 898 atorvastatin patients (HR, 0.84; 95% CI, 0.76-0.91; P�.001). Non-
cardiovascular death occurred in 156 (3.5%) and 143 (3.2%) in the 2 groups (HR, 0.92;
95% CI, 0.73-1.15; P=.47). Death from any cause occurred in 374 (8.4%) in the sim-
vastatin group and 366 (8.2%) in the atorvastatin group (HR, 0.98; 95% CI, 0.85-1.13;
P=.81). Patients in the atorvastatin group had higher rates of drug discontinuation due
to nonserious adverse events; transaminase elevation resulted in 43 (1.0%) vs 5 (0.1%)
withdrawals (P�.001). Serious myopathy and rhabdomyolysis were rare in both groups.

Conclusions In this study of patients with previous MI, intensive lowering of LDL-C
did not result in a significant reduction in the primary outcome of major coronary events,
but did reduce the risk of other composite secondary end points and nonfatal acute
MI. There were no differences in cardiovascular or all-cause mortality. Patients with
MI may benefit from intensive lowering of LDL-C without an increase in noncardio-
vascular mortality or other serious adverse reactions.

Trial Registration ClinicalTrials.gov Identifier: NCT00159835.
JAMA. 2005;294:2437-2445 www.jama.com
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ment in prognosis with respect to car-
diovascular disease was demon-
strated.3 In that study, however, the
benefit of reduced cardiovascular mor-
tality appeared to have been offset by
a higher number of deaths due to non-
cardiovascular causes. Although this
difference did not reach statistical sig-
nificance and could well be due to the
play of chance, it led to a call for fur-
ther safety information on the use of
atorvastatin at a dose of 80 mg/d.4

The Third Joint Task Force of Euro-
pean and Other Societies on Cardio-
vascular Disease Prevention in Clini-
cal Practice5 in 2003 recommended an
LDL-C target level of less than 100
mg/dL (2.5 mmol/L) for CHD pa-
tients. The Third Report of the Na-
tional Cholesterol Education Program
(NCEP) Adult Treatment Panel re-
cently introduced a new target of less
than 70 mg/dL (1.8 mmol/L) for pa-
tients at very high risk.6 The main hy-
pothesis of the current study, the In-
cremental Decrease in End Points
Through Aggressive Lipid Lowering
(IDEAL) study, was that intensive low-
ering of LDL-C with atorvastatin at the
highest recommended dose would yield
incremental benefit compared with the

moderate, most widely used dose of
simvastatin.

METHODS
Study Design and Participants

The IDEAL study was a multicenter,
prospective, randomized, open-label,
blinded end-point classification trial
(the so-called PROBE design7) carried
out at 190 ambulatory cardiology and
private specialist centers in Denmark,
Finland, Iceland, the Netherlands, Nor-
way, and Sweden. A detailed descrip-
tion of the study design and baseline
characteristics of the patients has been
published elsewhere.8 In brief, recruit-
ment and randomization took place
from March 1999 to March 2001 and
patients were followed up until March
2005. Records of patients previously
treated at the centers were screened for
the main eligibility criteria. Poten-
tially eligible patients were invited for
a screening visit. Written informed con-
sent was obtained from all patients, and
the study was approved by the na-
tional or regional review board in all
countries and by governmental reim-
bursing institutions in countries where
the main sponsor did not cover all costs.

Men and women aged 80 years or
younger with a history of a definite myo-
cardial infarction and who qualified for
statin therapy according to national
guidelines at the time of recruitment
were eligible. The main exclusion cri-
teria were any known contraindica-
tions to statin therapy, previous intol-
erance to statins in low or high doses,
liver enzyme levels more than 2 times
the upper limit of normal, pregnancy or
breastfeeding, nephrotic syndrome, un-
controlled diabetes mellitus, uncon-
trolled hypothyroidism, plasma triglyc-
eride levels higher than 600 mg/dL (6.8
mmol/L), congestive heart failure (New
York Heart Association classification IIIb
or IV), hemodynamically important val-
vular heart disease, gastrointestinal con-
ditions affecting absorption of drugs,
treatment with other drugs that seri-
ously affect the pharmacokinetics of stat-
ins, and treatment with other lipid-
lowering drugs. Patients previously
treated with statins qualified if they had

not already had titration to a dose higher
than the equivalent of 20 mg/d of
simvastatin.

After dietary counseling, patients
fulfilling the eligibility criteria were
randomized to receive simvastatin,
20 mg/d, or atorvastatin, 80 mg/d
(FIGURE 1). Study medication was as-
signed via a central interactive voice re-
sponse system (ClinPhone, Notting-
ham, England). Allocation numbers
were given out in blocks of 24. Alloca-
tion was balanced by center; no other
stratification was used. There was no
run-in or washout period. Study medi-
cation was provided by prescription ex-
cept in Finland, where it was dis-
pensed at the expense of the sponsor.

Patients were followed up at the cen-
ters after 12 and 24 weeks and every 6
months thereafter. If, at 24 weeks,
plasma total cholesterol level was higher
than 190 mg/dL (5.0 mmol/L), the dose
of simvastatin could be increased to 40
mg/d. The dose of atorvastatin could be
decreased to 40 mg/d for adverse events.
If LDL-C decreased to less than 39
mg/dL (1.0 mmol/L), an investigator
would be notified and could consider
reducing the statin dose.

All lipid and lipoprotein levels were
measured from fasting blood samples.
Such measurements, along with liver
enzymes and other laboratory measure-
ments, were made at baseline, at 12 and
24 weeks, at 1 year, and yearly there-
after. All measurements were made at
a central laboratory. The results of lipid
and lipoprotein measurements were not
revealed to study personnel during the
study except in cases of titration of sim-
vastatin at 24 weeks.

Study Outcomes

The primary clinical outcome was time
to first occurrence of a major coro-
nary event, defined as coronary death,
hospitalization for nonfatal acute myo-
cardial infarction, or cardiac arrest with
resuscitation. Potential myocardial in-
farction cases were adjudicated accord-
ing to current guidelines of the Joint
European Society of Cardiology/
American College of Cardiology. There
were 3 prespecified composite second-

Figure 1. Flow of Participants Through the
Trial
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ary outcomes: (1) major cardiovascu-
lar events (any primary event plus
stroke; the diagnosis of stroke re-
quired evidence of a neurological defi-
cit, usually localized, lasting �24 hours
or until death, usually confirmed by di-
agnostic imaging); (2) any CHD event
(any primary event, any coronary re-
vascularization procedure, or hospital-
ization for unstable angina); (3) any car-
diovascular events (any of the former
plus hospitalization with a primary di-
agnosis of congestive heart failure and
peripheral arterial disease, defined as
new clinical diagnosis or hospitaliza-
tion for such disease). In addition, in-
dividual components of the compos-
ite end points were also prespecified as
secondary outcomes, as was all-cause
mortality.

In addition to per-protocol report-
ing by investigators, monitors re-
viewed patient records at regular in-
tervals to search for potential end
points. An end-point classification com-
mittee blindly reviewed reports on po-
tential end points and adjudicated out-
comes at regular meetings. All reports
were first screened by an independent
center (Inveresk, Raleigh, NC) for
blinding of treatment allocation.

Statistical Analysis

Based on previous experience, it was pro-
jected that simvastatin therapy would
produce a mean 35% reduction in LDL-C
from untreated levels, while the reduc-
tion with atorvastatin, 80 mg/d, would
be at least 55%, creating a difference in
plasma levels of about 40 mg/dL (1
mmol/L). The trial was designed to have
90% power to detect an anticipated 21%
relative risk reduction (from 10% to
7.9%) in the primary outcome variable
with atorvastatin over 5 years using a
2-tailed � level of .05. Because the risk
of the patients first recruited was recal-
culated to be lower than first antici-
pated, the originally planned sample size
of 7700 patients was increased to 8888.
A data and safety monitoring board per-
formed interim analyses when approxi-
mately 50% and 75% of the predeter-
mined final number of 774 patients had
experienced a primary end point.

The study was initiated by the inves-
tigators and scientifically led by a steer-
ing committee consisting of indepen-
dent researchers and investigators and
3 members employed by the sponsor.
Monitoring of data collection was pro-
vided by the sponsor. A contract re-
search organization (Covance, Hor-
sham, England) reviewed the data for
errors and inconsistencies and sent que-
ries to the investigators for clarifica-
tion. This organization provided the in-
terim reports for the data and safety
monitoring board. The final statistical
analysis was performed by the spon-
sor. An independent academic statisti-
cian of the steering committee (I.H.)

had full access to all of the data at the
completion of data collection and veri-
fied the analyses of the results.

Kaplan-Meier hazard rates were used
to examine incidence over time and the
log-rank test was used to assess group
differences. Cox proportional hazards
models were used to calculate hazard
ratios (HRs) and 95% confidence in-
tervals (CIs).9 Statistical analysis was
performed using SAS, version 8.2 (SAS
Institute Inc, Cary, NC). All analyses
in this report are based on the intention-
to-treat principle including all random-
ized patients. Two-sided P values of
�.05 were regarded as statistically sig-
nificant.

Table 1. Baseline Participant Characteristics*

Characteristics
Simvastatin
(n = 4449)

Atorvastatin
(n = 4439)

Age, mean (SD), y 61.6 (9.5) 61.8 (9.5)

Male sex 3597 (80.8) 3590 (80.9)

Blood pressure, mean (SD), mm Hg
Systolic 137.0 (19.9) 136.7 (20.2)

Diastolic 80.6 (10.2) 80.1 (10.3)

Body mass index, mean (SD)† 27.3 (3.8) 27.3 (3.9)

Cardiovascular history
�1 Previous MIs 756 (17.0) 738 (16.6)

�2 mo Since last MI 506 (11.4) 493 (11.1)

Coronary angioplasty only 877 (19.7) 885 (19.9)

CABG surgery only 747 (16.8) 732 (16.5)

Both angioplasty and CABG surgery 163 (3.7) 127 (2.9)

Cerebrovascular disease 376 (8.5) 353 (8.0)

Peripheral vascular disease 195 (4.4) 182 (4.1)

Congestive heart failure 244 (5.5) 293 (6.6)

Atrial fibrillation or flutter 336 (7.6) 347 (7.8)

Risk factors
Current smoker 943 (21.2) 892 (20.1)

Former smoker 2614 (58.8) 2577 (58.1)

Systemic hypertension 1469 (33.0) 1461 (32.9)

History of diabetes mellitus 537 (12.1) 532 (12.0)

Prerandomization statin therapy
Simvastatin 2230 (50.1) 2233 (50.3)

Atorvastatin 512 (11.5) 499 (11.2)

Pravastatin 431 (9.7) 419 (9.4)

Other statins 202 (4.5) 187 (4.2)

Concomitant therapy
Aspirin 3536 (79.5) 3494 (78.7)

Warfarin or dicoumarol 559 (12.6) 558 (12.6)

�-Blockers 3281 (73.7) 3377 (76.1)

Calcium antagonists 840 (18.9) 882 (19.9)

ACE inhibitors 1367 (30.7) 1296 (29.2)

Angiotensin II blockers 270 (6.1) 263 (5.9)
Abbreviations: ACE, angiotensin-converting enzyme; CABG, coronary artery bypass graft; MI, myocardial infarction.
*Data are expressed as No. (%) unless otherwise noted.
†Body mass index was calculated as weight in kilograms divided by the square of height in meters.
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RESULTS
After screening of patients’ records,
9689 potentially eligible patients were
called in for a screening visit. Of these,
8888 met the eligibility criteria and were
randomized (Figure 1). The main rea-
sons for exclusion were patients’ use of
higher statin doses than the equiva-
lent of 20 mg/d of simvastatin, unwill-
ingness to participate, and previous ad-
verse experience with statins.

The median follow-up time was 4.8
years (range of surviving participants,
4.0-5.9 years). Six patients were lost to
follow-up and 48 patients withdrew
consent prior to study close, but vital
status was known for 35 of these at the
close of the study. Data for these pa-
tients have been included in the analy-
sis for the period prior to loss or with-
drawal. Vital status at the end of the trial
is thus unknown for 19 patients.

Baseline characteristics were well bal-
anced between the 2 treatment groups
(TABLE 1). The median time since last
myocardial infarction was 22 months
in the simvastatin group and 21 months
in the atorvastatin group.

At 24 weeks of follow-up, 900 pa-
tients (21%) in the simvastatin group
had their dosage increased to 40 mg/d.
At the end of the study, 1034 (23%)
were prescribed simvastatin, 40 mg/d.
In patients allocated to receive atorvas-
tatin, 80 mg/d, 250 (6%) had their dos-
age reduced to 40 mg/d by 24 weeks;
in 587 patients(13%), the final dose was
40 mg. Overall adherence, defined as
total study medication exposure as a
percentage of total follow-up time, was
89% in the atorvastatin group and 95%
in the simvastatin group. By the end of
the study, 14% of the atorvastatin-
allocated and 7% of the simvastatin-
allocated patients had permanently dis-
continued study medication. Most
patients who stopped taking the study
drug switched to a different statin. In
the simvastatin group, 360 patients took
a different statin at some point; in 123
(2.8%), it was atorvastatin. In the ator-
vastatin group, 645 patients took a dif-
ferent statin; in 364 (8.2%), it was
simvastatin.

Since the majority of patients allo-
cated to receive simvastatin therapy

were already taking simvastatin, 20
mg/d, or another statin at an equiva-
lent dose at the time of randomiza-
tion, the changes in lipid and lipopro-
tein levels for the group as a whole were
small (TABLE 2). Patients in the sim-
vastatin group who were not taking a
statin at the time of randomization had,
on average, a reduction in LDL-C of
33% after 12 weeks. In the group allo-
cated to atorvastatin, 80 mg/d, statin-
naive patients had a mean reduction in
LDL-C of 49%. During treatment, mean
(SE) LDL-C levels were 104 (0.3)
mg/dL (2.7 [0.008] mmol/L) in the sim-
vastatin group and 81 (0.3) mg/dL (2.1
[0.008] mmol/L) in the atorvastatin
group. Total cholesterol and triglycer-
ide levels were also significantly lower
in the atorvastatin group compared
with the simvastatin group, whereas
high-density lipoprotein cholesterol
(HDL-C) levels were slightly but sig-
nificantly higher in the simvastatin
group. Apolipoprotein levels changed
correspondingly (Table 2).

In December 2004, reports of 702
patients with a confirmed primary end

Table 2. Baseline and Follow-up Levels of Lipids and Lipoproteins*

Lipids and
Lipoproteins

Concentration, Mean (SE) Absolute Effect
at 1 y,

Mean (95% CI)Baseline 12 Weeks 1 Year 2 Years 3 Years 4 Years 5 Years

No. of patients
Simvastatin 4438 4373 4290 4168 4033 3930 775

Atorvastatin 4425 4335 4200 4099 3984 3861 759

LDL-C, mg/dL
Simvastatin 121.4 (0.5) 104.7 (0.4) 102.0 (0.4) 103.6 (0.4) 106.4 (0.4) 103.8 (0.4) 99.8 (0.9)

−22.9 (−23.9 to −21.8)
Atorvastatin 121.6 (0.5) 77.7 (0.4) 79.1 (0.4) 82.1 (0.4) 85.8 (0.4) 83.6 (0.4) 80.0 (1.0)

Total cholesterol, mg/dL
Simvastatin 195.9 (0.6) 179.3 (0.5) 175.9 (0.5) 176.9 (0.5) 180.2 (0.5) 180.4 (0.5) 176.8 (1.0)

−28.7 (−29.9 to −27.4)
Atorvastatin 196.8 (0.6) 145.5 (0.5) 147.4 (0.5) 150.3 (0.5) 154.4 (0.5) 154.7 (0.6) 153.4 (1.3)

HDL-C, mg/dL
Simvastatin 46.1 (0.2) 47.3 (0.2) 47.1 (0.2) 47.2 (0.2) 47.6 (0.2) 50.2 (0.2) 50.6 (0.5)

−1.3 (−1.6 to −1.0)
Atorvastatin 46.0 (0.2) 45.4 (0.2) 45.7 (0.2) 46.0 (0.2) 46.4 (0.2) 48.6 (0.2) 50.1 (0.5)

Triglycerides, mg/dL
Simvastatin 146.6 (1.1) 141.8 (1.3) 139.5 (1.3) 136.4 (1.3) 136.4 (1.4) 136.9 (1.3) 137.2 (2.7)

−25.8 (−28.3 to −23.3)
Atorvastatin 151.1 (1.2) 115.5 (0.9) 116.3 (1.0) 114.1 (1.1) 114.8 (1.2) 115.6 (1.1) 118.5 (2.7)

Apolipoprotein A1, g/L
Simvastatin 1.39 (0.01) 1.42 (0.01) 1.44 (0.01) 1.47 (0.01) 1.49 (0.01) 1.50 (0.01) 1.52 (0.01)

−0.06 (−0.07 to −0.06)
Atorvastatin 1.39 (0.01) 1.35 (0.01) 1.38 (0.01) 1.41 (0.01) 1.43 (0.01) 1.44 (0.01) 1.48 (0.01)

Apolipoprotein B, g/L
Simvastatin 1.19 (0.01) 1.05 (0.01) 1.07 (0.01) 1.03 (0.01) 1.06 (0.01) 1.09 (0.01) 1.08 (0.01)

−0.23 (−0.24 to −0.22)
Atorvastatin 1.19 (0.01) 0.80 (0.01) 0.84 (0.01) 0.82 (0.01) 0.86 (0.01) 0.90 (0.01) 0.91 (0.01)

Abbreviations: CI, confidence interval; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.
SI conversion factors: To convert HDL-C, LDL-C, and total cholesterol to mmol/L, multiply by 0.0259. To convert triglycerides to mmol/L, multiply by 0.0113.
*Absolute effect means and 95% CIs were derived from analysis of covariance with terms for treatment and baseline values; P values for absolute effect were �.001 for all between-

group comparisons.
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point had arrived at the coordinating
centers. Based on this information, the
steering committee decided that the
study close-out procedures should be
concluded by April 2005, when it was
anticipated that the protocol-specified
target of 774 patients with a primary
end point would have occurred. When
all study close-out visits had been per-
formed, a total of 874 patients had
actually experienced a primary end
point.

The primary end point of coronary
death, acute myocardial infarction, or
cardiac arrest with resuscitation oc-
curred in 463 patients (10.4%) in the
simvastatin group and in 411 (9.3%) in
the atorvastatin group (TABLE 3). This
corresponds to a relative risk reduc-
tion of 11% with atorvastatin, 80 mg/d
(HR, 0.89; 95% CI, 0.78-1.01; P=.07)
(FIGURE 2). A post hoc Cox regres-
sion analysis of the primary end point
with adjustment for sex, age, statin use
at randomization, duration since last
myocardial infarction, total choles-
terol, and HDL-C resulted in an HR of
0.87 (95% CI, 0.76-0.99; P=.04). A pre-
liminary analysis of prespecified sub-
groups defined by sex and age did not
reveal any statistically significant treat-
ment group interactions.

There were 178 coronary deaths
(4.0%) in the simvastatin group vs 175
(3.9%) in the atorvastatin group (HR,
0.99; 95% CI, 0.80-1.22; P=.90). Non-
fatal myocardial infarction occurred in
321 patients (7.2%) in the simvastatin
group and in 267 (6.0%) in the ator-
vastatin group (HR, 0.83; 95% CI, 0.71-
0.98; P=.02). The composite second-
ary end point of a major cardiovascular
event including stroke was reduced in
the atorvastatin group (HR, 0.87; 95%
CI, 0.78-0.98; P=.02). Similarly, there
were reductions in the risk of nonfatal
myocardial infarction, any CHD event,
and any cardiovascular event. Hemor-
rhagic strokes occurred in 6 patients in
each treatment group. Kaplan-Meier
hazard rates for selected components
of the secondary end points are shown
in FIGURE 3.

The risk of death from any cause was
similar in both study groups (HR, 0.98;

Table 3. Incidence of and Hazard Ratios for Primary and Secondary Efficacy Outcomes

Outcome Measures

Simvastatin,
No. (%)

(n = 4449)

Atorvastatin,
No. (%)

(n = 4439)
Hazard Ratio

(95% CI)
P

Value

Major coronary event
(primary outcome)

463 (10.4) 411 (9.3) 0.89 (0.78-1.01) .07

CHD death 178 (4.0) 175 (3.9) 0.99 (0.80-1.22) .90
Nonfatal myocardial infarction 321 (7.2) 267 (6.0) 0.83 (0.71-0.98) .02
Cardiac arrest with resuscitation 7 (0.2) 10 (0.2)

Any CHD event 1059 (23.8) 898 (20.2) 0.84 (0.76-0.91) �.001
Coronary revascularization 743 (16.7) 579 (13.0) 0.77 (0.69-0.86) �.001
Hospitalization for

unstable angina
235 (5.3) 196 (4.4) 0.83 (0.69-1.01) .06

Fatal or nonfatal stroke 174 (3.9) 151 (3.4) 0.87 (0.70-1.08) .20
Major cardiovascular event* 608 (13.7) 533 (12.0) 0.87 (0.78-0.98) .02
Hospitalization for nonfatal CHF 123 (2.8) 99 (2.2) 0.81 (0.62-1.05) .11
Peripheral arterial disease† 167 (3.8) 127 (2.9) 0.76 (0.61-0.96) .02
Any cardiovascular event 1370 (30.8) 1176 (26.5) 0.84 (0.78-0.91) �.001
All-cause mortality 374 (8.4) 366 (8.2) 0.98 (0.85-1.13) .81

Cardiovascular 218 (4.9) 223 (5.0) 1.03 (0.85-1.24) .78
Noncardiovascular 156 (3.5) 143 (3.2) 0.92 (0.73-1.15) .47

Malignant disease 112 (2.5) 99 (2.2) 0.89 (0.68-1.16) .38
Suicide/violence/accidental death 9 (0.2) 5 (0.1) . . . . . .
Other 30 (0.7) 32 (0.7) . . . . . .
Unclassified 5 (0.1) 7 (0.2) . . . . . .

Abbreviations: CHD, coronary heart disease; CHF, congestive heart failure; CI, confidence interval. Ellipses indicate
analysis not done because of too few events.

*Major coronary events and stroke.
†Any newly diagnosed peripheral arterial disease or that which has led to hospitalization.

Figure 2. Cumulative Hazard of Cardiovascular Disease
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95% CI, 0.85-1.13; P=.80) (Table 3).
There were no significant differences in
noncardiovascular deaths between the

treatment groups. In particular, mor-
tality due to cancer was similar in the
2 groups, at 112 (2.5%) in the simva-

statin group and 99 (2.2%) in the ator-
vastatin group. There were no signifi-
cant differences in cancer mortality for
any particular body system.

There were no significant differ-
ences in the frequency of serious clini-
cal adverse experiences between the 2
groups. There were, however, more pa-
tients in the atorvastatin group who dis-
continued study medication because of
investigator-reported adverse effects
(TABLE 4). Elevation of liver enzyme
levels occurred more frequently in the
atorvastatin group, but this was not re-
lated to any increased incidence of clini-
cal liver disease. Myalgias occurred
more frequently in the atorvastatin
group, but myopathy rates were ex-
ceedingly low in both the atorvastatin
and simvastatin groups.

COMMENT
The majority of trials on statin therapy
in the last decade have examined the
effect of lowering LDL-C by 25% to
40%. In the 4S study, the mean LDL-C
reduction was 35%.1 The IDEAL study
intended to explore whether a strat-
egy of reducing LDL-C even further
would yield incremental benefit. The
prespecified primary end point did not
achieve statistical significance (P=.07),
but there were significant reductions in
nonfatal acute myocardial infarction
and in the secondary composite end
points of any CHD event and major or
any cardiovascular events. There was
no difference in all-cause or cardiovas-
cular mortality. Thus, although the re-
ductions were more modest than ex-
pected and although the primary end
point was not met, these results indi-
cate that more intensive lowering of
LDL-C than usual in patients with pre-
vious myocardial infarction might pre-
vent 68 first cardiovascular events (95%
CI, 39-97) per 1000 patients over 5
years.

There are several possible reasons
why statistical significance was not
reached for the primary end point. One
explanation might be insufficient dif-
ference in levels of LDL-C between the
groups since the observed difference
was slightly smaller than projected. The

Figure 3. Cumulative Hazard of Nonfatal Myocardial Infarction, Stroke, Coronary
Revascularization, and Peripheral Artery Disease
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Table 4. Frequency of Adverse Events and Most Relevant Liver Enzyme Elevations

Simvastatin,
No. (%)

(n = 4449)

Atorvastatin,
No. (%)

(n = 4439)
P

Value*

Any adverse event 4202 (94.4) 4204 (94.7) .62
Any serious adverse event 2108 (47.4) 2064 (46.5) .42
Any adverse event resulting in permanent

discontinuation of study drug
186 (4.2) 426 (9.6) �.001

Adverse events resulting in permanent
discontinuation of study drug with
incidence �0.5% in either treatment group

Myalgia 51 (1.1) 97 (2.2) �.001
Diarrhea 9 (0.2) 38 (0.9) �.001
Abdominal pain 10 (0.2) 37 (0.8) �.001
Nausea 6 (0.1) 22 (0.5) .004

Investigator-reported myopathy 11 (0.25) 6 (0.14) .33
Investigator-reported rhabdomyolysis

(subset of coded myopathy)
3 (0.07) 2 (0.05) �.99

AST �3 � ULN at 2 consecutive measurements 2 (0.04) 18 (0.41) �.001
ALT �3 � ULN at 2 consecutive measurements 5 (0.11) 43 (0.97) �.001
Myopathy defined as CPK �10 � ULN at

2 consecutive measurements
with muscle symptoms

0 0

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CPK, creatine phosphokinase; ULN,
upper limit of normal.

*P values were calculated by 2-sided �2 test.
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initial LDL-C reduction of 49% in stat-
in-naive patients taking atorvastatin, 80
mg/d, was less than expected, and al-
though adherence with this therapy was
excellent, it was not as good as in the
simvastatin group.

A second possible explanation was
that the follow-up duration was only a
median of 4.8 years even though the
study protocol anticipated the prespeci-
fied number of primary end points to
be reached after a median of 5.5 years.
A third possibility is that the effect of
simvastatin on HDL-C would attenu-
ate the difference produced by the im-
proved effect of atorvastatin on LDL-C.
However, the impact of statins on
HDL-C has not yet been shown to in-
fluence patient outcomes.

Design and Adherence

The IDEAL study was carried out with
the PROBE design and, thus, did not
have the advantages of a double-blind
trial. However, the end-point classifi-
cation was conducted by a blinded clini-
cal end-points committee with the idea
of minimizing bias. The open-label de-
sign with prescription of study medi-
cation had the advantage of being more
like a “real-world” setting, but the pos-
sibility of bias for some of the physician-
initiated end points, such as coronary
revascularization and hospitalization for
unstable angina, cannot be excluded.
The fact that most patients had to pay
part of the cost of the study drug ap-
parently did not affect prescription
rates, because the cost for the patients
of the 2 study drugs was identical.

The apparent adherence to atorva-
statin was high and better than that in
other comparable trials. The adher-
ence in the simvastatin group was, how-
ever, exceptional (95%). The higher ad-
herence to study medication in the
simvastatin group than in the atorva-
statin group may be explained by the
fact that 51% of the patients had been
taking simvastatin prior to randomiza-
tion and were probably comfortable
with it, while in an open-label design
a high dose of atorvastatin might have
led to hesitation by some patients and
investigators, especially early in the trial.

This also makes it difficult to make re-
liable comparisons of reported ad-
verse experiences between the 2 treat-
ment regimens.

Comparison With Other Trials

The Pravastatin or Atorvastatin Evalu-
ation and Infection Therapy (PROVE-
IT) study compared pravastatin, 40
mg/d, with atorvastatin, 80 mg/d, in pa-
tients with recent acute coronary syn-
dromes.2 In that study, the difference in
LDL-C levels between the treatment
groups averaged 33 mg/dL (0.86 mmol/
L), which produced a 16% relative re-
duction in the HR of the primary com-
posite end point, which included death,
myocardial infarction, unstable an-
gina, coronary revascularization, and
stroke. Thus, in that study the patient
population was different, since only 11%
of the IDEAL population had a recent
myocardial infarction (�2 months); in
addition, the difference in LDL-C be-
tween the treatment groups was larger
and the definition of the primary end
point was different.

In the TNT study, the primary end
point included stroke.3 When compar-
ing the primary end point of the TNT
trial with the same end point in the
IDEAL study, the difference between
treatment groups was smaller in IDEAL
(HR, 0.78 vs 0.87), but the 95% CIs for
the HRs overlap. Comparison of the
broader end point of any cardiovascu-
lar events, however, reveals more simi-
lar HRs of 0.81 and 0.84 in the 2 trials,
respectively.

A recent prospective meta-analysis of
14 cholesterol-lowering statin trials
with more than 90 000 patients found
a 23% proportional reduction in the in-
cidence of major coronary events and
a 21% proportional reduction in the in-
cidence of major cardiovascular events
per 1 mmol/L of LDL-C reduction (cor-
responding to a 5.5% and 5% reduc-
tion in incidences per 10 mg/dL reduc-
tion in LDL-C, respectively).10 Our
results are consistent with these find-
ings and are also in accordance with
other meta-analyses and epidemiologi-
cal data on the relationship of choles-
terol levels and CHD risk10-14 and by

findings from internal subgroup analy-
ses of results of previous trials.15,16 Re-
cent findings in trials of other com-
parative drugs3,17 and in different clinical
settings2,18 have provided evidence of
the same relationship.

The IDEAL trial was not powered to
detect a significant difference in all-
cause mortality. In the 4S study, the
comparator was placebo, and in the pla-
cebo group 74% of the deaths were
coronary.1 In IDEAL, only 48% of the
deaths in the simvastatin group had a
coronary cause, which is considerably
lower than the 61% of deaths having a
coronary cause in the simvastatin group
in 4S. This decline in coronary mortal-
ity may well reflect improvements in
coronary prevention and care during
the last decade. While this improve-
ment must be welcomed, it has made
it more difficult for trialists to demon-
strate further benefit in survival.

Safety

In the IDEAL study, there was a small
and nonsignificant excess of 13 more
noncardiovascular deaths in the simva-
statin group than in the atorvastatin
group. In contrast, atorvastatin, 80 mg/d,
was associated with a small and nonsig-
nificant increase in noncardiovascular
deaths compared with atorvastatin, 10
mg/d, in the TNT study. Such small dif-
ferences are likely to have occurred by
chance. There was no difference be-
tween the groups in the frequency of ad-
verse events that were rated as serious.
There were, however, more nonseri-
ous adverse events resulting in drug dis-
continuation in the atorvastatin group.
This difference may reflect real nontol-
erance to a high dose of atorvastatin, but
the possibility of reporting bias is pres-
ent given the open-label design of the
trial.

The proportion of patients develop-
ing liver enzyme elevation with ator-
vastatin, 80 mg/d, was low and is com-
parable with results of other similar
trials. The proportion of patients in the
simvastatin group who developed liver
enzyme elevations was exceptionally
small and was significantly lower than
in the atorvastatin group. This report-

ATORVASTATIN VS SIMVASTATIN FOR SECONDARY PREVENTION AFTER MI

©2005 American Medical Association. All rights reserved. (Reprinted) JAMA, November 16, 2005—Vol 294, No. 19 2443

 at Pfizer Inc, on November 15, 2005 www.jama.comDownloaded from 

http://www.jama.com


ing was not subject to bias, since it was
performed by the central laboratory that
transferred the results directly to the
study database. The low frequency is
readily explained by the fact that half
of the patients had received simvasta-
tin prior to randomization and were se-
lected as “simvastatin-tolerant.”

In summary, when comparing stan-
dard and intensive LDL-C–lowering
therapies in patients with previous myo-
cardial infarction, there was no statis-
tically significant reduction in the pri-
mary end point of major coronary
events, but there was reduced risk of
other composite secondary end points
and nonfatal acute myocardial infarc-
tion. There were no differences in car-
diovascular and all-cause mortality. The
results indicate that patients with myo-
cardial infarction may benefit from in-
tensive lowering of LDL-C without in-
crease in noncardiovascular mortality
or other serious adverse reactions.
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