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ABSTRACT

Background In patients with high cholesterol lev-
els, lowering the cholesterol level reduces the risk of
coronary events, but the effect of lowering cholester-
ol levels in the majority of patients with coronary
disease, who have average levels, is less clear.

Methods In a double-blind trial lasting five years,
we administered either 40 mg of pravastatin per day
or placebo to 4159 patients (3583 men and 576 wom-
en) with myocardial infarction who had plasma total
cholesterol levels below 240 mg per deciliter (mean,
209) and low-density lipoprotein (LDL) cholesterol
levels of 115 to 174 mg per deciliter (mean, 139). The
primary end point was a fatal coronary event or a
nonfatal myocardial infarction.

Results The frequency of the primary end point
was 10.2 percent in the pravastatin group and 13.2
percent in the placebo group, an absolute difference
of 3 percentage points and a 24 percent reduction in
risk (95 percent confidence interval, 9 to 36 percent;
P=0.003). Coronary bypass surgery was needed in
7.5 percent of the patients in the pravastatin group
and 10 percent of those in the placebo group, a 26
percent reduction (P=0.005), and coronary angio-
plasty was needed in 8.3 percent of the pravastatin
group and 10.5 percent of the placebo group, a 23
percent reduction (P=0.01). The frequency of stroke
was reduced by 31 percent (P=0.03). There were no
significant differences in overall mortality or mortal-
ity from noncardiovascular causes. Pravastatin low-
ered the rate of coronary events more among wom-
en than among men. The reduction in coronary events
was also greater in patients with higher pretreat-
ment levels of LDL cholesterol.

Conclusions These results demonstrate that the
benefit of cholesterol-lowering therapy extends to
the majority of patients with coronary disease who
have average cholesterol levels. (N Engl J Med 1996;
335:1001-9.)
©1996, Massachusetts Medical Society.
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HE plasma levels of total cholesterol and
low-density lipoprotein (LDL) cholesterol
are important risk factors for coronary heart
disease.l* However, the relation between
plasma cholesterol and coronary events appears to be
stronger if levels are at elevated, rather than average,
values.!* Angiography in clinical trials has demon-
strated that lowering cholesterol levels slows the pro-
gression and promotes the regression of coronary ath-
erosclerosis.® These beneficial changes are also directly
related to the pretreatment level of LDL cholester-
ol,>6 with little benefit occurring in patients with av-
erage base-line levels.” Clinical trials have shown that
lowering elevated LDL cholesterol levels prevents
both first and recurrent coronary events.8!! However,
it has not been clear whether coronary events can be
prevented by cholesterol-lowering therapy in patients
who do not have hypercholesterolemia. This issue is
of importance because the large majority of patients
with coronary disease have cholesterol levels that are,
like those of the general population,!? in the average,
not the elevated, range.!3-1¢
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TABLE 1. BASE-LINE CHARACTERISTICS OF PATIENTS
IN THE PLACEBO AND PRAVASTATIN GROUPS.*

CHARACTERISTIC

General
Age (yr)
Sex (%)
Female
Male
Race (%)
White
Other
Country of residence (%)
United States
Canada
Hypertension (%)
Current smoker (%)
Diabetes (%)
Body-mass indext
Blood pressure (mm Hg)
Systolic
Diastolic

Cardiovascular status

Months from myocardial infarction

to randomization

Type of myocardial infarction (%)

Q wave
Other
Angina (%)
Congestive heart failure (%)
CABG (%)
PTCA (%)
CABG or PTCA (%)
Thrombolysis (%)
Ejection fraction (%)
Medication use
Aspirin (%)
Beta-blocker (%)
Nitrate (%)
Calcium-channel blocker (%)
ACE inhibitor (%)
Diuretic agent (%)
Insulin (%)
Oral hypoglycemic agent (%)
Estrogen (% of women)

Plasma lipids§
Cholesterol (mg/dl)
Total
VLDL
LDL
HDL
Triglycerides (mg/dl)

PLACEBO  PRAVASTATIN
(N=2078)

59+9

14
86

129+18
79+10

209+17
27*16

139+15
39+9

15561

(N=2081)

59+9

14
86

129+18
79+10

10=5

209=*17
27*16

139=+15
39+9

156=61

*Plus—minus values are means =SD. Except for the use of
oral hypoglycemic agents, differences between the groups
were not significant. CABG denotes coronary-artery bypass
grafting, PTCA percutaneous transluminal coronary angio-
plasty, ACE angiotensin-converting enzyme, VLDL very-
low-density lipoprotein, LDL low-density lipoprotein, and
HDL high-density lipoprotein.

1The body-mass index is the weight in kilograms divided

by the square of the height in meters.

$P<0.05 for the comparison with the placebo group.

§To convert values for cholesterol to millimoles per liter,
multiply by 0.02586. To convert values for triglycerides to

millimoles per liter, multiply by 0.01129.

October 3, 1996

trial and its entry criteria (a plasma total cholesterol
level of less than 240 mg per deciliter [6.2 mmol per
liter] and an LDL cholesterol level of 115 to 174 mg
per deciliter [3.0 to 4.5 mmol per liter]) were de-
signed specifically to study the effectiveness in a typ-
ical population of lowering LDL cholesterol levels to
prevent coronary events after myocardial infarction.

METHODS
Study Design and Patients

The design of the CARE trial has been described in detail else-
where.!7 Patients were recruited from 80 participating centers, 13
in Canada and 67 in the United States. Men and postmenopausal
women were eligible if they had had an acute myocardial infarction
between 3 and 20 months before randomization, were 21 to 75
years of age, and had plasma total cholesterol levels of less than 240
mg per deciliter, LDL cholesterol levels of 115 to 174 mg per dec-
iliter, fasting triglyceride levels of less than 350 mg per deciliter (4.0
mmol per liter), fasting glucose levels of no more than 220 mg per
deciliter (12.2 mmol per liter), left ventricular ejection fractions of
no less than 25 percent, and no symptomatic congestive heart fail-
ure. Criteria for a qualifying myocardial infarction included typical
symptoms and an elevated serum level of creatine kinase.!” The lip-
id levels, as measured at two or three specified visits to the clinic at
least eight weeks after hospitalization for myocardial infarction and
after four weeks of treatment with the National Cholesterol Edu-
cation Program (NCEP) Step 1 diet,'8 were averaged for eligibility.
After stratification according to clinical center, we randomly as-
signed the eligible patients to receive either 40 mg of pravastatin
(Pravachol, Bristol-Myers Squibb) once daily, or a matching place-
bo, by means of a telephone call to the data center. After random-
ization, visits to the clinic took place quarterly. Patients continued
to take all prescribed medication, for cardiac and other conditions,
that they had been receiving at base line (Table 1).

Plasma total cholesterol, high-density lipoprotein (HDL) cho-
lesterol, and triglyceride levels were measured by the core labora-
tory at base line, at 6 and 12 weeks after randomization, at the
end of each quarter during the first year, and semiannually there-
after. LDL cholesterol levels were calculated.! For any patient in
either group with an LDL cholesterol level of 175 mg per deci-
liter (4.5 mmol per liter) or more, intensified (NCEP Step 2) di-
etary counseling was initiated.!8 If the LDL level remained at 175
mg per deciliter or more, cholestyramine was prescribed, in a
daily dose of 8 to 16 g, as needed, to decrease the level to less
than 175 mg per deciliter. To maintain blinded conditions, a pa-
tient in the other treatment group who was matched for age and
sex and had an LDL cholesterol level in the highest decile was
provided with parallel dietary counseling and cholestyramine
treatment. If counseling and treatment were unsuccessful, the pa-
tient with a persistently elevated LDL cholesterol level was re-
ferred to his or her physician for treatment. The primary end
point of the trial was death from coronary heart disease (includ-
ing fatal myocardial infarction, either definite or probable; sud-
den death; death during a coronary intervention; and death from
other coronary causes) or a symptomatic (unless during noncar-
diac surgery) nonfatal myocardial infarction confirmed by serum
creatine kinase measurements. In each group, we measured the
time elapsed to the primary end point. Deaths were reviewed by
the end-points committee without knowledge of the patient’s
treatment assignment or plasma lipid levels.

The protocol was approved by the Safety and Data Monitoring
Committee and the institutional review boards of all participating
centers.

Statistical Analysis

The size of the sample was designed to provide an 80 percent
power to detect a 20 percent reduction in the number of primary
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TABLE 2. CARDIOVASCULAR EVENTS ACCORDING TO STUDY GROUP.*

PLAceBO
(N=2078)
NO. OF INCIDENCE
PATIENTS (%)

EVENT

Death from CHD or non- 274 132
fatal MIt
Death from CHD 119 5.7
Nonfatal MI 173 8.3
Fatal MI 38 1.8
Fatal MI or confirmed non- 207 10.0
fatal MI
Clinical nonfatal MI} 231 11.1
CABG 207 10.0
PTCA 219 10.5
CABG or PTCA 391 18.8
Unstable angina 359 17.3
Stroke 78 3.8

Risk ReEbucTion

PRAVASTATIN WITH PRAVASTATIN P
(N=2081) (95% CI) VALUE
NO. OF INCIDENCE
PATIENTS (%)
percent
212 10.2 24 (9 to 36) 0.003
96 4.6 20 (-5to0 39) 0.10
135 6.5 23 (4 to 39) 0.02
24 1.2 37 (=5t0 62) 0.07
157 7.5 25 (8 to 39) 0.006
182 8.7 23 (6 to 36) 0.01
156 7.5 26 (8 to 40) 0.005
172 8.3 23 (6 to 37) 0.01
294 14.1 27 (15 to 37) <0.001
317 15.2 13 (-1to 25) 0.07
54 2.6 31 (3t052) 0.03

*Risk reductions and P values were based on Cox proportional-hazards analysis; P values are iden-
tical to those derived by log-rank analysis. Patient-specific data were used to compute P values and
confidence intervals (CI). CHD denotes coronary heart disease, MI myocardial infarction, CABG
coronary-artery bypass grafting, and PTCA percutancous transluminal coronary angioplasty.

1This combined variable was the specified primary end point. Nonfatal myocardial infarctions were

confirmed by the core laboratory.

1This variable comprises all nonfatal myocardial infarctions reported by investigators.

events with pravastatin. All analyses were performed on an inten-
tion-to-treat basis, and P values were two-sided. The effect of
therapy on the rate of the primary end point of the trial was as-
sessed with use of log-rank P values.20 All other hypothesis tests
and all reductions in risk were assessed with a Cox proportional-
hazards model.2! The size of the trial did not provide adequate
power to assess therapeutic efficacy against the primary end point
within subgroups. Therefore, treatment effects were analyzed in
several prespecified subgroups with a more broadly defined end
point: major coronary events (including fatal coronary heart dis-
ease, nonfatal myocardial infarction, bypass surgery, and angio-
plasty).

RESULTS

Between December 4, 1989, and December 31,
1991, 4159 patients were randomly assigned to study
groups, 2078 to the placebo group and 2081 to the
pravastatin group. The characteristics of the patients
before randomization were similar in the two groups
(Table 1). In the last year of follow-up, 86 percent
of the placebo group and 94 percent of the treat-
ment group were taking their study medication.
This included the 6 percent of patients in each treat-
ment group who were taking cholestyramine ac-
cording to the protocol. Of the patients, 8 percent
in the placebo group and 2 percent in the treatment
group discontinued the study medication and start-
ed treatment to lower lipid levels with open-label
drug therapy, as prescribed by their personal physi-
cians. The final study visit was between January 1

and February 14, 1996, at which time the median
duration of follow-up was 5.0 years (range, 4.0 to
6.2). Data were obtained to classify myocardial in-
farctions as confirmed or unconfirmed for all pa-
tients in whom a myocardial infarction was report-
ed. Vital status was ascertained for the first four
years for all patients and, at the end, for all but one
patient.

Pravastatin therapy lowered the mean LDL cho-
lesterol level of 139 mg per deciliter (3.6 mmol per
liter) by 32 percent and maintained mean levels of
97 to 98 mg per deciliter (2.5 mmol per liter)
throughout the five-year follow-up. During follow-
up, the LDL cholesterol level was 28 percent lower
in the pravastatin group than in the placebo group,
the total cholesterol level was 20 percent lower, the
HDL cholesterol level was 5 percent higher, and the
triglyceride level was 14 percent lower (P<<0.001 for
all comparisons).

Patients treated with pravastatin had a 24 percent
lower incidence of the primary end point, fatal cor-
onary heart disease or confirmed myocardial infarc-
tion, than patients in the placebo group (95 percent
confidence interval, 9 to 36 percent; P=0.003) (Ta-
ble 2 and Fig. 1). Two hundred seventy-four pa-
tients (13.2 percent) had a primary event in the pla-
cebo group, as compared with 212 (10.2 percent) in
the pravastatin group. One hundred seventy-three
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