PREVENTING MORTALITY FROM CORONARY HEART DISEASE WITH PRAVASTATIN

PREVENTION OF CARDIOVASCULAR EVENTS AND DEATH WITH PRAVASTATIN
IN PATIENTS WITH CORONARY HEART DISEASE AND A BROAD RANGE
OF INITIAL CHOLESTEROL LEVELS
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ABSTRACT

Background In patients with coronary heart dis-
ease and a broad range of cholesterol levels, choles-
terol-lowering therapy reduces the risk of coronary
events, but the effects on mortality from coronary
heart disease and overall mortality have remained
uncertain.

Methods In a double-blind, randomized trial, we
compared the effects of pravastatin (40 mg daily)
with those of a placebo over a mean follow-up peri-
od of 6.1 years in 9014 patients who were 31 to 75
years of age. The patients had a history of myocar-
dial infarction or hospitalization for unstable angina
and initial plasma total cholesterol levels of 155 to
271 mg per deciliter. Both groups received advice on
following a cholesterol-lowering diet. The primary
study outcome was mortality from coronary heart
disease.

Results Death from coronary heart disease oc-
curred in 8.3 percent of the patients in the placebo
group and 6.4 percent of those in the pravastatin
group, a relative reduction in risk of 24 percent (95
percent confidence interval, 12 to 35 percent; P<
0.001). Overall mortality was 14.1 percent in the pla-
cebo group and 11.0 percent in the pravastatin group
(relative reduction in risk, 22 percent; 95 percent
confidence interval, 13 to 31 percent; P<0.001). The
incidence of all cardiovascular outcomes was consis-
tently lower among patients assigned to receive
pravastatin; these outcomes included myocardial in-
farction (reduction in risk, 29 percent; P<0.001), death
from coronary heart disease or nonfatal myocardial
infarction (a 24 percent reduction in risk, P<0.001),
stroke (a 19 percent reduction in risk, P=0.048), and
coronary revascularization (a 20 percent reduction in
risk, P<0.001). The effects of treatment were similar
for all predefined subgroups. There were no clinical-
ly significant adverse effects of treatment with pra-
vastatin.

Conclusions Pravastatin therapy reduced mortali-
ty from coronary heart disease and overall mortality,
as compared with the rates in the placebo group, as
well as the incidence of all prespecified cardiovascu-
lar events in patients with a history of myocardial in-
farction or unstable angina who had a broad range
of initial cholesterol levels. (N Engl J Med 1998;339:
1349-57.)
©1998, Massachusetts Medical Society.

Y the end of the 1980s, there was strong

epidemiologic evidence of a continuous

association between plasma cholesterol lev-

els and the risk of coronary heart disease
(CHD).13 Most patients with CHD have cholesterol
levels that are not markedly elevated.* However,
most randomized, controlled trials of cholesterol-
lowering therapy have involved patients with at least
moderate hypercholesterolemia, and the treatments
used have had limited efficacy in lowering cholester-
ol. Taken together, those trials have demonstrated a
clear reduction in the incidence of coronary events,
both among persons with a history of CHD?> and
among those without such a history.6 However, the
reduction in coronary mortality associated with cho-
lesterol-lowering therapy has been small (about 10
percent) and may be partially counterbalanced by a
nonsignificant excess of deaths from noncoronary
causes.” There has therefore been considerable un-
certainty about the effects of cholesterol-lowering
therapy on overall mortality among patients with
high cholesterol levels® and about its effects on the
risk of coronary events among patients with lower
cholesterol levels.

The Long-Term Intervention with Pravastatin in
Ischaemic Disease (LIPID) trial was initiated in 1989
to investigate the effects of substantial lowering of
cholesterol levels with the 3-hydroxy-3-methylgluta-
ryl-coenzyme A (HMG-CoA) reductase inhibitor
pravastatin on death from CHD among patients with
a history of myocardial infarction or unstable angina
and a broad range of initial cholesterol levels (155 to
271 mg per deciliter [4.0 to 7.0 mmol per liter]).
Since our study began, two other large-scale trials of
HMG-CoA reductase inhibitors in patients with
CHD have been completed.”!® The Scandinavian
Simvastatin Survival Study® demonstrated a signifi-
cant reduction in overall mortality with simvastatin
therapy among patients with higher initial cholester-
ol levels than those of our patients (213 to 309 mg
per deciliter [5.5 to 8.0 mmol per liter]). The Cho-
lesterol and Recurrent Events (CARE) trial!? studied
patients who had had myocardial infarction and who
had cholesterol levels below 240 mg per deciliter
(6.2 mmol per liter); it demonstrated a significant re-
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duction in the incidence of the composite outcome
of coronary death and nonfatal myocardial infarction
with pravastatin therapy. However, the study was not
designed to detect a significant effect on overall mor-
tality or mortality from CHD alone. Consequently,
the effect of cholesterol-lowering therapy on these
outcomes in patients with average cholesterol levels
remained uncertain.

METHODS
Study Design and Patients

The design of the study is described in detail elsewhere.!! We re-
cruited a total of 9014 patients, 31 to 75 years of age, at 87 centers
— 67 in Australia and 20 in New Zealand. Patients were cligible
if they had had an acute myocardial infarction or had a hospital-
discharge diagnosis of unstable angina between 3 and 36 months
before study entry. Patients entered an eight-week-long single-
blind placebo run-in phase during which they received dietary ad-
vice aimed at reducing their fat intake to less than 30 percent of
total energy intake. For patients to qualify for the study, the plasma
total cholesterol level measured four weeks before randomization
was required to be 155 to 271 mg per deciliter and the fasting tri-
glyceride level less than 445 mg per deciliter (5.0 mmol per liter).
Exclusion criteria included a clinically significant medical or surgi-
cal event within three months before study entry, cardiac failure,
renal or hepatic disease, and the current use of any cholesterol-low-
ering agents.

After stratification according to the qualifying event (myocar-
dial infarction or unstable angina) and clinical center, patients
were randomly assigned to receive either 40 mg of pravastatin
(Pravachol, Bristol-Myers Squibb) or matching placebo once dai-
ly. Both groups continued to receive dietary advice. Plasma cho-
lesterol levels were measured by the core laboratory at random-
ization, six months later, each year after randomization, and at the
end of the study. High-density lipoprotein (HDL) cholesterol
and triglyceride levels were measured in blood samples obtained
while patients were fasting, at base line, one, three, and five years
after randomizaton, and at the end of the study. Low-density
lipoprotein (LDL) cholesterol was estimated indirectly, with use
of the formula of Friedewald et al.!2 Study personnel and patients
remained blinded to the results of the central analyses of lipid lev-
els. The patients’ usual care, including the institution of other
cholesterol-lowering treatment, continued to be under the direc-
tion of their own doctors. The results of the other large-scale trials
of HMG-CoA reductase inhibitors®1013 were communicated to
both patients and their treating doctors, with the further expla-
nation that if it was considered indicated, open-label cholesterol-
lowering therapy could be commenced. Routine visits to the clin-
ic were scheduled every six months after randomization to monitor
compliance with the study treatment and to obtain data on hos-
pital admissions, serious adverse events, and study outcomes.

Classification and Review of Outcomes

The primary study outcome was death from CHD. Deaths
from CHD were further classified as death due to fatal myocardial
infarction, sudden death, death in the hospital after possible my-
ocardial infarction, or death due to heart failure or another cor-
onary cause. Secondary outcomes were death from any cause;
death from cardiovascular causes; death from CHD or nonfatal
myocardial infarction; myocardial infarction; stroke; nonhemor-
rhagic stroke; coronary revascularization (coronary angioplasty,
coronary-artery bypass surgery, or both); number of days in the
hospital; serum lipid levels; and the relation of changes in lipid
levels to the occurrence of cardiovascular end points. Each of
these analyses was prespecified in the original protocol or in sub-
sequent amendments made without knowledge of the results of
any analysis according to treatment assignment.
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All deaths, myocardial infarctions, and strokes were reviewed by
an outcomes-assessment committee or stroke-adjudication com-
mittee whose members had no knowledge of the patient’s treat-
ment assignment. Myocardial infarction was diagnosed on the ba-
sis of the presence of at least two new pathologic Q waves on the
electrocardiogram!! or two of the following three criteria: at least
15 minutes of ischemic chest pain, evolutionary ST-T wave chang-
es (as previously defined!), or elevation of the serum level of cre-
atine kinase or its MB isoenzyme to at least twice the upper limit
of normal. A stroke was defined as an acute new disturbance of
focal neurologic function resulting in death or lasting more than
24 hours.

An independent data and safety monitoring committee regu-
larly monitored the progress of the study; five formal interim
analyses were planned to examine differences in overall mortality
or the incidence of serious adverse events associated with prava-
statin treatment. Guidelines for stopping the trial early were
based on a difference of at least 3 SD (P<<0.003) between the
groups in either of these outcomes.!* The trial was conceived,
managed, and analyzed independently of Bristol-Myers Squibb.
All patients gave written informed consent, and the trial was ap-
proved by the ethics committee at each participating center.

Statistical Analysis

The study was designed to have 80 percent power to detect a
reduction of 18.3 percent in the risk of death due to CHD at five
years, with a two-sided P value of <0.05. The trial was planned
to continue until 700 deaths from CHD had occurred unless it
was stopped early. All analyses were performed on an intention-
to-treat basis.

Time-to-event analyses were performed with the log-rank test,
with stratification according to the qualifying event.!s Estimates
of the relative reduction in risk associated with pravastatin therapy
and 95 percent confidence intervals were derived with use of the
Cox proportional-hazards model.!¢ Prespecified subgroup analy-
ses evaluated variation in the effect of treatment on the composite
outcome of death due to CHD and nonfatal myocardial infarc-
tion, on the basis of tests for interaction in the Cox model'¢ and
with use of continuous variables for age and base-line lipid values.
P values were not adjusted for multiple comparisons.

RESULTS

Between June 12, 1990, and December 18, 1992,
9014 patients were randomly assigned to study
treatment: 4512 to pravastatin and 4502 to placebo.
Of these, 91 patients (1 percent) were subsequently
found not to meet all the eligibility criteria (31 did
not meet the criteria for myocardial infarction or un-
stable angina within 3 to 36 months before study
entry; 46 underwent coronary revascularization or
had unstable angina within 3 months before study
entry; 8 were taking cholesterol-lowering drugs; and
6 met other exclusion criteria); these patients were
included in all analyses. The two groups were very
well balanced in terms of base-line characteristics
(Table 1). Twelve percent had both qualifying events
and were included in the stratum with myocardial
infarction. A total of 42 percent of patients had a
qualifying plasma total cholesterol level of less than
213 mg per deciliter (5.5 mmol per liter).

Status at the End of the Study

In May 1997, after the data and safety monitoring
committee determined that the prespecified bound-
ary for a difference in overall mortality had been
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TABLE 1. BASE-LINE CHARACTERISTICS OF PATIENTS RANDOMLY
ASSIGNED TO RECEIVE PRAVASTATIN OR PLACEBO.

PLACEBO  PRAVASTATIN

CHARACTERISTIC* (N=4502) (N=4512)
Age

<55 yr — no. (%) 1021 (23) 1065 (24)

55-64 yr — no. (%) 1708 (38) 1706 (38)

65-69 yr — no. (%) 1087 (24) 1081 (24)

=70 yr — no. (%) 686 (15) 660 (15)

Median — yr 62 62

Interquartile range — yr 55-68 55-67
Sex — no. (%)

Male 3742 (83) 3756 (83)

Female 760 (17) 756 (17)
Qualifying event — no. (%)

Myocardial infarction 2875 (64) 2879 (64)

Unstable angina 1627 (36) 1633 (36)
Time from qualifying event to randomization

—yr

Median 1.2 1.1

Interquartile range 0.7-2.1 0.6-2.1
Coronary risk factors — no. (%)

Current smoker 444 (10) 425 (9)

Former smoker 2814 (63) 2923 (65)

History of systemic hypertension 1891 (42 1867 (41)

Antihypertensive treatment 1711 (38) 1622 (36)

Diabetes mellitus 386 (9) 396 (9)

Obesityt 788 (18) 823 (18)
Other vascular disease — no. (%)

Claudication 467 (10) 438 (10)

Stroke 198 (4) 171 (4)

Transient ischemic attack 176 (4) 156 (3)

Previous coronary revascularization —

no. (%)
PTCA only 486 (11) 502 (11)
CABG only 1219 (27)

1217 (27)
Both PTCA and CABG 133 (3) 135 (3)

Medication use — no. (%)

Aspirin 3689 (82) 3726 (83)
Beta-blocker 2152 (48) 2090 (46)
Calcium antagonist 1610 (36) 1563 (35)
ACE inhibitor 719 (16) 720 (16)
Nitrate 1610 (36 1599 (35)
Diuretic 761 (17) 727 (16)
Insulin 9 (1) 0 (1)

Oral hypoglycemic drug 262 (6) 236 (5)

Lipid levels — mg/dlt
Total cholesterol
Median 218 218
Interquartile range 196-240 196-241
LDL cholesterol
Median 150 150

Interquartile range 131-170 130-170
HDL cholesterol

Median 36 36

Interquartile range 31-42 31-41
Triglycerides

Median 138 142

Interquartile range 105-188 104-196

Total:HDL cholesterol ratio
Median 6.07 6.11
Interquartile range 5.12-7.14 5.13-7.16

*The interquartile range is that from the 25th to the 75th percentile.
PTCA denotes percutaneous transluminal coronary angioplasty, CABG
coronary-artery bypass surgery, ACE angiotensin-converting enzyme, LDL
low-density lipoprotein, and HDL high-density lipoprotein.

TObesity was defined as a body-mass index (the weight in kilograms di-
vided by the square of the height in meters) above 30.

$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. Except for base-line triglyceride levels (P=0.025), there were
no significant differences between the groups.

crossed, all patients were advised that the study
would end. Patients’ final follow-up visits took place
between July 1 and September 30, 1997, when the
mean duration of the study was 6.1 years and vital
status was ascertained in all but one patient. After
one year, after three years, and at the end of the
study, 6 percent, 11 percent, and 19 percent, respec-
tively, of the patients randomly assigned to treatment
with pravastatin had permanently stopped taking the
study drug, whereas 3 percent, 9 percent, and 24
percent of those assigned to placebo had begun
open-label therapy with a cholesterol-lowering drug.

Effects of Treatment on Lipid Levels

Lipid levels, averaged over the first five years of
follow-up, were analyzed on an intention-to-treat
basis. In the pravastatin group, the plasma total cho-
lesterol level fell by 39 mg per deciliter (1.0 mmol
per liter) from the initial level of 218 mg per decili-
ter (5.6 mmol per liter); the reduction in total cho-
lesterol was 18 percentage points greater than in the
placebo group (P<<0.001). Similarly, the LDL cho-
lesterol level in the pravastatin group, initially 150
mg per deciliter (3.9 mmol per liter), was reduced
by 25 percentage points more than in the placebo
group; the plasma triglyceride level, initially 142 mg
per deciliter (1.6 mmol per liter), was reduced by 11
percentage points more than in the placebo group;
and the HDL cholesterol level, initially 36 mg per
deciliter (0.9 mmol per liter), increased by 5 per-
centage points more than in the placebo group
(P<0.001 for all comparisons). At six months, the
total cholesterol level in the pravastatin group was an
average of 21 percent lower than that in the placebo
group. This difference declined to 13 percent at six
years because of the discontinuation of treatment by
patients assigned to pravastatin and the commence-
ment of open-label cholesterol-lowering treatment
by patients assigned to placebo.

Effects on Outcomes

The effects of treatment on cardiovascular out-
comes are shown in Table 2. Among patients as-
signed to pravastatin, the incidence of the primary
study end point of death from CHD was 6.4 percent
in the pravastatin group, as compared with 8.3 per-
cent in the placebo group (relative reduction in risk
with pravastatin therapy, 24 percent; 95 percent
confidence interval, 12 to 35 percent; P<<0.001)
(Fig. 1). Overall mortality was 22 percent lower (95
percent confidence interval, 13 to 31 percent) in the
pravastatin group (11.0 percent) than in the placebo
group (14.1 percent, P<<0.001) (Fig. 2). Mortality
from cardiovascular causes was 25 percent lower (7.3
percent vs. 9.6 percent, P<<0.001). There were fewer
deaths from cancer and trauma or suicide among pa-
tients assigned to pravastatin, but these differences
were not significant (Table 3).
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TABLE 2. CARDIOVASCULAR EVENTS ACCORDING TO
TREATMENT GROUP.

RebucTioN
PLACEBO PRAVASTATIN IN Risk P
EVENT* (N=4502) (N=4512) (95% CI)t VALUE¥
no. (%) %
Death due to CHD 373 (8.3) 287 (6.4) 24 (12-35) <0.001
Death due to CVD 433 (9.6) 331(7.3) 5 (13-35) <0.001
Death from any cause 633 (14.1) 498 (11.0) 2 (13-31) <0.001
Death due to CHD or 715 (15.9) 557 (12.3) 24 (15-32) <0.001
nonfatal MI
Any MI 463 (10.3) 336 (7.4) 29 (18-38) <0.001
CABG 520 (11.6) 415 (9.2) 22 (11-31) <0.001
PTCA 253 (5.6) 210 (4.7) 19 (3-33) 0.024
CABG or PTCA 708 (15.7) 585 (13.0) 20 (10-28) <0.001

Hospitalization for
unstable angina

Any stroke

1106 (24.6) 1005 (22.3) 12 (4-19)  0.005

204 (4.5) 169 (3.7) 19 (0-34)  0.048

*CHD denotes coronary heart disease, CVD cardiovascular disease, MI
myocardial infarction, CABG coronary-artery bypass surgery, and PTCA
percutancous transluminal coronary angioplasty.

tRelative reductions in risk are for the pravastatin group as compared
with the placebo group and have been estimated on the basis of the hazard
ratio in a Cox regression analysis. CI denotes confidence interval.

1P values were derived with the stratified log-rank test.

There were also significant reductions in mortality
from CHD and overall mortality among patients as-
signed to pravastatin in each of the two groups de-
fined by qualifying event. In the subgroup with pre-
vious myocardial infarction, mortality from CHD
was 23 percent lower among those assigned to pra-
vastatin than among those assigned to placebo (P=
0.004), and overall mortality was 21 percent lower
(P=0.002). In the subgroup of patients who had
been hospitalized for unstable angina before ran-
domization, mortality from CHD was 26 percent
lower with pravastatin (P=0.036), and overall mor-
tality was 26 percent lower (P=0.004).

With respect to other secondary end points, the
incidence of myocardial infarction was 7.4 percent
among those assigned to pravastatin, as compared
with 10.3 percent in the placebo group (relative re-
duction in risk, 29 percent; P<<0.001), the incidence
of stroke was 3.7 percent as compared with 4.5 per-
cent (reduction in risk, 19 percent; P=0.048), the
rate of coronary-artery bypass surgery was 9.2 per-
cent as compared with 11.6 percent (reduction in
risk, 22 percent; P<<0.001), the rate of coronary an-
gioplasty was 4.7 percent as compared with 5.6 per-
cent (reduction in risk, 19 percent; P=0.024), and
the rate of hospitalization for unstable angina was
22.3 percent as compared with 24.6 percent (reduc-
tion in risk, 12 percent; P=0.005).

Patients in the pravastatin group also spent signif-
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Figure 1. Kaplan—Meier Estimates of Mortality Due to Coronary
Heart Disease (CHD), the Primary Outcome, in the Pravastatin
and Placebo Groups.

The relative reduction in risk with pravastatin therapy was de-
rived from the Cox proportional-hazards model. The P value
was based on the log-rank test with stratification according to
the qualifying event. On the basis of the differences in the pro-
portions of patients who died of CHD during the entire study
period, for every 1000 patients assigned to pravastatin, death
from CHD was avoided in 19 patients.

icantly less time in the hospital (2.9 days less per pa-
tient, P<<0.001), had fewer hospital admissions, and
spent less time in the hospital per admission (0.6 day,
or 10 percent, less time per admission; P=0.002).

Prespecified Subgroup Analyses

Table 4 shows the analyses of subgroups with re-
spect to the combined end point of death from
CHD and nonfatal myocardial infarction. There was
no evidence of significant heterogeneity of the treat-
ment effect in any of these subgroup analyses. The
reduction in risk with pravastatin treatment in each
subgroup was consistent with the overall 24 percent
reduction in risk for the entire cohort. Significant
reductions in the risk of coronary events among pa-
tients treated with pravastatin were observed both
among patients with previous myocardial infarction
and among those who had been hospitalized for un-
stable angina pectoris and also in other large sub-
groups, such as patients with initial plasma total
cholesterol levels below 213 mg per deciliter.

Safety

A total of 403 newly diagnosed primary cancers
occurred in 379 patients assigned to receive prava-
statin, as compared with 417 cancers in 399 patients
assigned to receive placebo (P=0.43). Organ-specif-
ic analysis of cancers, including breast cancer (10 in-
vasive cancers in the placebo group, as compared
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TABLE 3. CAUSES OF DEATH ACCORDING TO
TREATMENT GROUP.

PLACEBO PRAVASTATIN
CAUSE OF DEATH* (N=4502) (N=4512)

number (percent)

CHD 373 (8.3) 287 (64)
Definite MI 74 34
Possible MI 15 19
Sudden death 211 182
Cardiac failure 46 36
Other 27 16

CVD other than CHD 60 (1.3) 44 (1.0)
Stroke 27 22
Other 33 22

All CVD 433 (9.6) 331 (7.3)

All causes other than CVD 200 (4.4) 167 (3.7)
Cancer 141 128
Trauma or suicide 11 6
Other 48 33

All causes 633 (14.1) 498 (11.0)

*CHD denotes coronary heart disease, MI myocardial in-
farction, and CVD cardiovascular disease.

with 9 invasive cancers and 1 carcinoma in situ in the
pravastatin group), showed no significant differenc-
es. There was also no difference in the incidence of
accidents, violence, or attempted suicide (213 pa-
tients in the pravastatin group died or were hospital-
ized for one of these reasons, as compared with 221
in the placebo group). There was no significant in-
crease in the incidence of adverse events that were
ultimately attributed to the study medication (3.2
percent vs. 2.7 percent, P=0.16) or of serious ad-
verse events. Among laboratory variables, 2.1 per-
cent of the pravastatin group had a serum alanine
aminotransferase level greater than three times the
upper limit of normal, as compared with 1.9 percent
of the placebo group (P=0.41). There were no sig-
nificant differences in the proportions of patients
with elevated serum creatine kinase levels, myopathy
(8 vs. 10 cases), or serious adverse events due to he-
patic disease.

Figure 2. Kaplan-Meier Estimates of the Incidence of Major
Secondary Outcomes in the Pravastatin and Placebo Groups.

Panel A shows mortality from all causes, Panel B death due to
coronary heart disease (CHD) or nonfatal myocardial infarction
(MI), and Panel C stroke of any type. The relative reductions in
risk with pravastatin therapy were derived from the Cox propor-
tional-hazards model. The P values were based on the log-rank
test, with stratification according to the qualifying event. On
the basis of the differences in the proportions of patients with
an event during the entire study period, for every 1000 patients
assigned to pravastatin, death from any cause was avoided in
30 patients, death due to CHD or nonfatal Ml was avoided in 35
patients, and stroke was avoided in 8 patients.
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TABLE 4. EFFECTS OF PRAVASTATIN TREATMENT ON DEATH DUE TO CORONARY HEART
DISEASE AND NONFATAL MYOCARDIAL INFARCTION WITHIN SUBGROUPS
DEFINED IN THE PROTOCOL.*

RebucTion
IN Risk
VARIABLE ToTAL PATIENTS PATIENTS WITH EVENT (95% CI)
PLACEBO  PRAVASTATIN PLACEBO  PRAVASTATIN
no. no. (%) %

Sex

Female 760 756 104 (14) 90 (12) 11 (—18 to 33)

Male 3742 3756 611 (16) 467 (12) 26 (17 to 35)
Qualifying event

Myocardial infarction 2875 2879 499 (17) 398 (14) 22 (11 to 32)

Hospitalization for 1627 1633 216 (13) 159 (10) 29 (12 to 42)

unstable angina

Age

<55 yr 1021 1065 132 (13) 96 (9) 32 (12 to 48)

55-64 yr 1708 1706 234 (14) 191 (11) 20 (3 to 34)

65-69 yr 1087 1081 203 (19) 151 (14) 28 (11 to 41)

=70 yr 686 660 146 (21) 119 (18) 15 (=8 to 33)
Hypertensiont

Yes 1891 1867 314 (17) 266 (14) 15 (0 to 28)

No 2609 2644 400 (15) 291 (11) 30 (19 to 40)
Diabetes

Yes 386 396 88 (23) 76 (19) 19 (—10 to 41)

No 4116 4116 627 (15) 481 (12) 25 (15 to 33)
Smoking

Current smoker 444 425 92 (21) 66 (16) 27 (0 to 47)

Former smoker 2814 2923 456 (16) 352 (12) 28 (17 to 37)

Nonsmoker 1244 1164 167 (13) 139 (12) 11 (=12 to 29)
Total cholesterol

<213 mg/dl 1894 1898 271 (14) 223 (12) 19 (4 to 32)

213-250 mg/dl 2003 2010 346 (17) 259 (13) 27 (15 to 38)

=251 mg/dl 605 604 98 (16) 75 (12) 27 (1 to 46)
LDL cholesterol

<135 mg/dl 1305 1332 185 (14) 163 (12) 16 (—4 to 32)

135-173 mg/dl 2338 2336 376 (16) 282 (12) 26 (14 to 37)

=174 mg/dl 859 844 154 (18) 112 (13) 30 (10 to 45)
HDL cholesterol

<39 mg/dl 2831 2890 487 (17) 388 (13) 24 (13 to 34)

=39 mg/dl 1671 1622 228 (14) 169 (10) 25 (8 to 38)
Triglycerides

<133 mg/dl 2022 1951 322 (16) 238 (12) 25 (12 to 37)

133-230 mg/dl 1801 1750 269 (15) 202 (12) 24 (9 to 37)

=231 mg/dl 679 811 124 (18) 117 (14) 24 (2 to 41)

*Subgroups were defined on the basis of variables assessed before randomization. The lipid levels
represent the averages of the values measured four weeks before randomization and those measured
at randomization. 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. CI denotes confidence
interval, LDL low-density lipoprotein, and HDL high-density lipoprotein. Tests for heterogeneity of
treatment effect were undertaken across each of the subgroups. In addition, we performed tests for
interaction between treatment and the following continuous base-line variables: age; total, LDL, and
HDL cholesterol; and triglyceride levels. There was no evidence of significant heterogeneity of treat-
ment effect in any prespecified subgroup (P=0.08).

fData were missing for three patients, two in the placebo group and one in the pravastatin group.

DISCUSSION

Our results provide strong evidence that lowering
cholesterol levels with pravastatin in patients with a
broad range of initial cholesterol levels and a history
of myocardial infarction or unstable angina reduces
the risk of death from CHD, cardiovascular disease,
and all causes combined. In addition, the risk of
myocardial infarction or stroke is significantly re-
duced. Over a period of 6.1 years, we estimate that
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30 deaths, 28 nonfatal myocardial infarctions, and
9 nonfatal strokes were avoided (with allowance for
multiple events in each patient) in 48 patients for ev-
ery 1000 randomly assigned to treatment with pra-
vastatin. Twenty-three episodes of coronary-artery
bypass surgery, 20 of coronary angioplasty, and 82
hospital admissions for unstable angina were also
avoided. These benefits were not offset by adverse
effects. Our results demonstrate that pravastatin re-
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duced the risk of all major cardiovascular events in a
large group of patients who were representative of
those seen in current practice. Indeed, the mean to-
tal cholesterol level in our study approximates that
in recent epidemiologic studies of patients with
CHD.1718

These results extend the findings of the Scandina-
vian Simvastatin Survival Study,” which showed that
treatment had benefit in terms of mortality from
CHD and overall mortality among patients with
CHD who had a mean cholesterol level of 261 mg
per deciliter (6.7 mmol per liter) at study entry. Our
results demonstrate similar benefits in patients with
a mean cholesterol level about 44 mg per deciliter
(1.1 mmol per liter) lower than in that study. Our
study sample also had a wider range of initial triglyc-
eride levels (some patients had mixed hyperlipide-
mia), and a much larger proportion of our patients
had undergone coronary revascularization (41 per-
cent, as compared with 8 percent in the Scandina-
vian study) and were receiving aspirin at entry (82
percent vs. 37 percent). Our results also extend the
findings of the CARE study,!® which showed a re-
duction in the composite outcome of death due to
CHD and nonfatal myocardial infarction in patients
with CHD and had a similar mean cholesterol level
at entry (209 mg per deciliter [5.4 mmol per liter]),
by providing clear evidence of benefit in terms of
both mortality from CHD and overall mortality.

Our study also extends the evidence of benefit to
patients with unstable angina, who were not specif-
ically included in the Scandinavian Simvastatin Sur-
vival Study and the CARE trial. Since this condition
is now a more frequent cause of hospital admission
than myocardial infarction,! the demonstration of
significant reductions both in major coronary events
and in mortality among patients with unstable angi-
na represents an important new finding. Further-
more, the effects of treatment with pravastatin on
the incidence of stroke are important, particularly
because stroke is now the chief cause of functional
impairment in many countries. Our findings with re-
spect to stroke are consistent with those of the other
studies.”10

We examined the effects of treatment on coronary
events in prespecified subgroups defined by sex, age,
initial lipid levels, and the presence or absence of oth-
er risk factors. No evidence of significant heterogene-
ity of treatment effect was detected. Specifically, we
found no evidence of a greater relative effect of treat-
ment in women than in men, as had been suggested
by the results of the CARE study.l® However, al-
though the effects of treatment were not significant
in some subgroups, such as patients with diabetes
and women, the power of our study to determine the
effects of treatment reliably in these relatively small
subgroups was inadequate. The estimate of the effect
of treatment in the study group as a whole nonethe-

less provides a reasonable indication of the probable
relative benefits of treatment in these and other sub-
groups. Hence, the absolute benefits of treatment are
likely to be greater in groups of patients who are at
higher absolute risk for a major coronary event, such
as those with a lower HDL cholesterol level, a higher
LDL cholesterol level, older age, or a history of dia-
betes or smoking.

Although the relative and absolute effects we ob-
served are clinically important, it is necessary to con-
sider possible biases that may have modified the ob-
served effects. The large number of patients who
were assigned to pravastatin but discontinued treat-
ment or who were assigned to placebo but ultimate-
ly received cholesterol-lowering therapy outside the
study is likely to have reduced the difference in the
incidence of events between the treatment groups.
Since the rate of crossover from the allocated treat-
ment at the midpoint of the trial was 20 percent
(9 percent of the placebo group began nonstudy
treatment and 11 percent of the pravastatin group
discontinued active treatment), it is possible that the
effects of treatment on both the average difference
in the cholesterol levels and the relative difference in
the incidence of major events were reduced by a sim-
ilar proportion.

It is also possible that the patients we studied were
at lower risk than the general population of patients
with myocardial infarction or unstable angina. The
rate of death from CHD among the patients as-
signed to receive placebo was only 1.4 percent per
year, as compared with the rate of 2 percent per year
that was expected initially.!! In general, if the rate of
events is higher in patients who elect not to enroll
in trials, then a greater absolute benefit would be ex-
pected, assuming a similar relative effect of treat-
ment. Consequently, the absolute effects of treat-
ment in our study may significantly underestimate
the effects of such therapy in broader clinical prac-
tice. Conversely, the likely effect of a policy of cho-
lesterol-lowering treatment may be less in a commu-
nity, where there is poorer adherence to long-term
treatment regimens.2°

Finally, in our study, as in the Scandinavian Sim-
vastatin Survival Study® and the CARE trial,10 at
least three months elapsed after the qualifying event
before patients were enrolled. Consequently, our
data do not clarify the effects of pravastatin early af-
ter an acute coronary event but, rather, approximate
event rates among patients with stable CHD, to
whom it would be reasonable to extrapolate these
results.

Treatment with pravastatin was safe and well tol-
erated. The results of this study confirm those of
other large-scale trials®!%13 in showing no associa-
tion between cholesterol-lowering therapy and can-
cer, deaths due to trauma or suicide, or other serious
adverse events. In particular, there was no increase
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in the number of newly diagnosed breast cancers
among the women assigned to receive pravastatin,
suggesting that the excess rate of breast cancer in the
CARE study was a chance finding.!° Further data on
long-term safety and outcomes will be obtained
from ongoing follow-up of our study cohort.

Because of our results, cholesterol-lowering ther-
apy should now be considered for virtually all pa-
tients presenting with CHD. Whether individual
patients are treated will also depend on cost-effec-
tiveness analyses, other factors defining individual
risk, and coexisting conditions. With respect to oth-
er aspects of treatment, our study does not indicate
whether a dose of pravastatin lower than that we
used (40 mg once daily) would be sufficient, wheth-
er treatment should target a particular cholesterol
level or aim for a specific reduction, or whether the
duration of treatment should be lifelong.

The current low rate of use of cholesterol-lower-
ing therapy among patients with CHD can no long-
er be accepted. A recent North American study
found that only 30 percent of patients who had sur-
vived a myocardial infarction were prescribed lipid-
lowering drugs.2! The situation is similar in many
European countries!® and in the Asian—Pacific re-
gion,?? whereas in the United Kingdom only about
10 percent of such patients are receiving treatment.??
On the basis of the findings reported here, current
recommendations for treatment after acute myocar-
dial infarction or hospitalization for unstable angina
should be reviewed.
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APPENDIX

The participants in the LIPID study were as follows: Management
Committee — A. Tonkin (chair), P. Aylward, D. Colquhoun, P. Glasziou,
P. Harris, D. Hunt, A. Keech, S. MacMahon, P. Magnus, D. Newel, P. Nes-
tel, N. Sharpe, J. Shaw, R.J. Simes, P. Thompson, A. Thomson, M. West,
H. White; Audit Committee — A. Thomson (chair), S. Simes, D. Col-
quhoun, W. Hague, S. MacMahon, R.]J. Simes; Cost-Effectiveness Com-
mittee — R.J. Simes (chair), P. Glasziou, S. Caleo, J. Hall, A. Martin, S.
Mulray; Data and Safety Monitoring Committee — P. Barter (chair), L.
Beilin, R. Collins, J. McNeil, P. Meier, H. Willimott; Finance Committee
— P. Harris (chair), W. Hague, D. Smithers, A. Tonkin, P. Wallace, H. Will-
imott; Outcomes-Assessment Committee — D. Hunt (chair), J. Baker, P.
Aylward, P. Harris, M. Hobbs, P. Thompson; Publications Committee —
N. Sharpe (chair), D. Hunt, M. West, P. Thompson, H. White; Quality-
Assurance Committee — P. Aylward (chair), D. Colquhoun, D. Sullivan,
A. Keech; Related-Studies Committee — P. Thompson (chair), S. Mac-
Mahon, A. Tonkin, M. West; Stroke-Adjudication Committee — H.
White (chair), N. Anderson, G. Hankey, R.J. Simes, S. Simes, J. Watson;
Writing-Allocation Committee — R.J. Simes (chair), N. Sharpe, A.
Thomson, A. Tonkin, H. White; National Health and Medical Research
Council Clinical Trials Centre, University of Sydney — W. Hague
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(study manager), J. Baker, M. Arulchelvam (biostatisticians), S. Chup, J.
Daly, J. Hanna, A. Leach, M. Lee, J. Loughhead, H. Lundie-Jenkin, J.
Morrison, A. Martin, S. Mulray, S. Netting, A. Nguyen, H. Pater, R. Phil-
ip, G. Pinna, D. Rattos, S. Ryerson, V. Sazhin, S. Simes, R. Walsh, A. Keech
(deputy director), R.J. Simes (director); Clinical Trials Research Unit,
Auckland — A. Clague, M. Mackie, J. Yallop, K. Boss, S. MacMahon (di-
rector); Central Lipid Laboratory, Flinders Medical Centre — M.
Whiting, M. Shepard, J. Leach; Bristol-Myers Squibb Pharmaceuticals
— M. Gandy, J. Joughin, J. Seabrook; LIPID investigators (numbers of
patients enrolled are shown in parentheses) — Australia (5958): New
South Wales (1616) — R. Abraham, J. Allen, E Bates, I. Beinart, E.
Breed, D. Brown, N. Bunyan, D. Calvert, T. Campbell, D. Condon-Paolo-
ni, B. Conway, L. Coupland, J. Crowe, N. Cunio, B. Cuthbert, N. Cuth-
bert, S. D’Arcy, P. Davidson, B. Dwyer, J. England, C. Friend, G. Fulcher,
S. Grant, K. Hellestrand, M. Kava, L. Kritharides, D. McGill, H. McKee,
A. McLean, M. Neaverson, G. Nelson, M. O’Neill, C. Onuma, E O’Reilly,
A. Owensby, D. Owensby, J. Padley, G. Parnell, S. Paterson, C. Pawsey, R.
Portley, K. Quinn, D. Ramsay, M. Russell, J. Ryan, B. Sambrook, L.
Shields, J. Silberberg, S. Sinclair, D. Sullivan, P. Taverner, D. Taylor, M. Tay-
lor, M. Threlfall, J. Turner, A. Viles, J. Waites, R. Walker, W. Walsh, K. Wee,
D. West, R. Wikramanayake, D. Wilcken, J. Woods, R. Wyndham; Victoria
(1374) — K. Barnett, Z. Bogetic, H. Briggs, A. Broughton, L. Brown, A.
Buncle, P. Calafiore, L. Carrick, Y. Cavenett, L. Champness, R. Clark, H.
Connor, J. Counsell, J. Deague, G. Derwent-Smith, A. Driscoll, B. Feldt-
mann, L. Fisher, B. Forge, A. Hamer, H. Harrap, S. Hodgens, M. Hooten,
J. Hurley, B. Jackson, J. Johns, J. Krafchek, H. Larwill, I. Lyall, S. Marks,
M. Martin, B. Mason, J. McCabe, C. Medley, L. Morgan, L. Mullan, D.
Ogilvy, G. Phelps, P. Phillips, H. Prendergast, D. Rose, G. Rudge, W. Ryan,
M. Sallaberger, G. Savige, B. Sia, A. Soward, C. Steinfort, K. Tankard, J.
Tippett, B. Tyack, J. Voukelatis, M. Wahlqvist, N. Walker, S. Whitten, R.
Yee, M. Zanoni, R. Ziffer; Queensland (1431) — K. Anderson, G. Aroney,
C. Atkinson, K. Boyd, R. Bradfield, G. Cameron, D. Careless, A. Carle, P.
Carroll, T. Carruthers, D. Chaseling, B. Cooke, S. Coverdale, B. Currie,
M. d’Emden, E Ekin, R. Elder, T. Elsley, L. Ferry, C. Gnanaharan, K. Gra-
ham, K. Gunawardane, C. Hadfield, C. Halliday, R. Halliday, A. Hey-
worth, B. Hicks, P. Hicks, T. Htut, L. Hughes, J. Humphries, H. LeGood,
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Australia (512) — J. Bradley, L. Callaway, A. Calvert, J. Crettenden, A.
Dufek, B. Dunn, C. Dunphy, D. Gow, I. Hamilton-Craig, K. Herewane,
S. Keynes, L. McLeay, R. McLeay, L. Ng, C. Thomas, P. Tideman, L. Wil-
son, R. Yeend, C. Zhang, Y. Zhang; Western Australia (623) — P. Brad-
shaw, M. Brooks, R. Burton, J. Garrett, K. Gotch-Martin, J. Hargan, B.
Hockings, G. Lane, S. Ross; Tasmania (402) — R. Cutforth, D. D’Silva,
W. Hitchener, V. Kimber, G. Kirkland, P. Neid, R. Parkes, B. Singh, C.
Singh, M. Smith, S. Smith, M. Templer, N. Whitchouse; New Zealand
(3056) — R. Allen-Narker, R. Anandaraja, S. Anandaraja, P. Barclay, S.
Baskaranathan, P. Bridgman, J. Brown, J. Bruning, J. Calton, A. Clague,
M. Clark, D. Clarke, T. Cook, R. Coxon, M. Denton, A. Doone, R. East-
hope, J. Elliott, C. Ellis, P. Foster-Pratt, C. Frenneux, M. Frenneux, D.
Friedlander, D. Fry, L. Gibson, M. Gluyas, A. Hall, K. Hall, A. Hamer, H.
Hart, P. Healy, J. Hedley, P. Heuser, H. Ikram, D. Jardine, J. Kenyon, H.
King, T. Kirk, T. Lawson, P. Leslie, G. Lewis, E. Low, R. Luke, S. Mann,
D. McClean, D. McHaffie, L. Nairn, H. Patel, L. Pearce, K. Ramanathan,
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