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Randomised trial of cholesterol lowering in 4444 patients with
coronary heart disease: the Scandinavian Simvastatin Survival

Study (4S)

Scandinavian Simvastatin Survival Study Group*

Summary

Drug therapy for hypercholesterolaemia has remained
controversial mainly because of insufficient clinical trial
evidence for improved survival. The present trial was
designed to evaluate the effect of cholesterol lowering with
simvastatin on mortality and morbidity in patients with
coronary heart disease (CHD). 4444 patients with angina
pectoris or previous myocardial infarction and serum
cholesterol 5-5-8-:0 mmoli/L on a lipid-lowering diet were
randomised to double-blind treatment with simvastatin or
placebo.

Over the 5-4 years median follow-up period, simvastatin
produced mean changes in total cholesterol, low-density-
lipoprotein  cholesterol, and  high-density-lipoprotein
cholesterol of —25%, —35%, and +8%, respectively, with
few adverse effects. 256 patients (12%) in the placebo
group died, compared with 182 (8%) in the simvastatin
group. The relative risk of death in the simvastatin group
was 0-70 (95% Cl 0-58-0-85, p=0-0003). The 6-year
probabilities of survival in the placebo and simvastatin
groups were 87-6% and 91-3%, respectively. There were
189 coronary deaths in the placebo group and 111 in the
simvastatin group (relative risk 0-58, 95% C| 0-46-0-73),
while noncardiovascular causes accounted for 49 and 46
deaths, respectively. 622 patients (28%) in the placebo
group and 431 (19%) in the simvastatin group had one or
more major coronary events. The relative risk was 0-66
(95% Cl 0-59-0-75, p<0-00001), and the respective
probabilities of escaping such events were 70-5% and
79-6%. This risk was also significantly reduced in
subgroups consisting of women and patients of both sexes
aged 60 or more. Other benefits of treatment included a
37% reduction (p<0-00001) in the risk of undergoing
myocardial revascularisation procedures.

This study shows that long-term treatment with
simvastatin is safe and improves survival in CHD patients.
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*Collaborators and participating centres are listed at the end of
the report.
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introduction
High serum cholesterol is regarded by many as the main
cause of coronary atherosclerosis.'! Several cholesterol-
lowering interventions have reduced coronary heart
disease (CHD) events in primary and secondary
prevention clinical trials.>® Expert panels in Europe and
the USA have therefore recommended dietary changes
and, if necessary, addition of drugs to reduce high
cholesterol  concentrations—specifically  low-density-
lipoprotein (LDL) cholesterol’*'*—especially in patients
with CHD. However, these recommendations have been
questioned,'+'* mainly because no clinical trial has
convincingly shown that lowering of cholesterol prolongs
life. Furthermore, overviews of these trials have suggested
that survival is not improved, particularly in the absence
of established CHD, because the observed reduction of
CHD deaths is offset by an apparent increase in non-
cardiac mortality, including cancer and violent deaths.!*®
Simvastatin is an inhibitor of hydroxy-methylglutaryl
coenzyme A (HMG-CoA) reductase, which reduces LDL
cholesterol’*® to a greater extent than that achieved in
previous diet and drug intervention trials. The
Scandinavian Simvastatin Survival Study (4S) was
conceived in April, 1987, to test the hypothesis that
lowering of cholesterol with simvastatin would improve
survival of patients with CHD. Other objectives were to
study the effect of simvastatin on the incidence of
coronary and other atherosclerotic events, and its long-
term safety.

Patients and methods

Organisation

The study design has been published previously.?' Patients were
recruited at 94 clinical centres in Scandinavia. A steering
committee made up of cardiologists, lipidologists, and
epidemiologists had scientific responsibility for the study and all
reports of the results. One member was the scientific coordinator
who worked closely with the study monitors in the Scandinavian
subsidiaries of Merck Research Laboratories. Major study events
were classified by an independent endpoint classification
committee (two experienced cardiologists) without knowledge of
treatment allocation. A data and safety monitoring committee
performed independent interim analyses of total mortality at
prespecified numbers of deaths. The statistician of this
committee received information on all deaths directly from the
investigators. The study protocol was approved by regional or, if
applicable, national ethics committees and by the regulatory
agencies in each of the participating Scandinavian countries.
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Recruitment and randomisation

Patient records of men and women aged 35-70 years with a
history of angina pectoris or acute myocardial infarction (MI)
were systematically screened for study eligibility. The exclusion
criteria were: premenopausal women of childbearing potential,
secondary hypercholesterolaemia, unstable or Prinzmetal angina,
tendon xanthomata, planned coronary artery surgery or
angioplasty, MI during the preceding 6 months, antiarrhythmic
therapy, congestive heart failure requiring treatment with
digitalis, diuretics, or vasodilators, persistent atrial fibrillation,
cardiomegaly, haemodynamically important valvular heart
disease, history of completed stroke, impaired hepatic function,
partial ileal bypass, history of drug or alcohol abuse, poor mental
function, other serious disease, current treatment with another
investigational drug, or hypersensitivity to HMG-CoA reductase
inhibitors. Potentially eligible patients were invited to the clinic
for a briefing about the study. If none of the exclusion criteria
applied and the patient consented, fasting serum cholesterol and
triglyceride were determined by a local laboratory. If serum total
cholesterol was >5+5 mmol/L, patients were invited to participate
in the study and were given dietary advice.’' After 8 weeks blood
was drawn and serum was sent to the central laboratory for
analysis of lipid concentrations and a 2-week placebo run-in
phase was initiated. If serum cholesterol was 5-5 to 8-0 mmoVl/L,
serum triglyceride was =2-5 mmol/L, and the patient was
compliant and still eligible, final informed consent was obtained
and the patient was randomly assigned to treatment with
simvastatin 20 mg or placebo, to be taken before the evening
meal. Randomisation was stratified for clinical site and previous
MI.

Laboratory measurements

The patients visited the clinics every 6 weeks during the first 18
months and every 6 months thereafter for determination of
serum aspartate aminotransferase, alanine aminotransferase, and
creatine kinase in the local laboratories. Routine haematology
and urine examinations were done at baseline and at the final
visit. Lipids were measured? at the central laboratory every 6
weeks during the first 6 months and half yearly thereafter.
Patients were queried for adverse experiences after 6 weeks, 12
weeks, and 6 months, and every 6 months thereafter. A clinical
examination with resting electrocardiogram was performed
annually.

Dosage titration

Dosage was adjusted, if necessary, at the 12-week and 6-month
visits, on the basis of serum total cholesterol at 6 and 18
weeks. The goal of treatment was to reduce serum total
cholesterol to 3:0-5:2 mmol/L.. A computer program at the
central laboratory issued dosage adjustment messages without
revealing lipid levels or treatment allocation. Patients in the
simvastatin group whose serum cholesterol was out of range had
their dose increased to 40 mg daily, as two 20 mg tablets, or
reduced to one 10 mg tablet. To maintain the double-blind,
patients in the placebo group were randomly assigned to take
matching placebo tablets.

Endpoint definition, ascertainment, and analysis

The primary endpoint of the study was total mortality. The
secondary endpoint, analysed by time of first event, was “major
coronary events”, which comprised coronary deaths, definite or
probable hospital-verified non-fatal . acute MI, resuscitated
cardiac arrest, and definite silent MI verified by
electrocardiogram. The tertiary endpoints, also analysed by time
of first event, were: (1) any coronary event, ie, the secondary
endpoint events plus myocardial revascularisation procedures and
hospital admission for acute CHD events without a diagnosis of
MI (mainly prolonged chest pain); (2) death or any
atherosclerotic event (coronary, cerebrovascular, and
peripheral), ie, death from any cause and events included under
the first tertiary endpoint, plus hospital-verified non-fatal non-
coronary atherosclerotic events; (3) incidence of myocardial

revascularisaton procedures, either coronary artery bypass
grafting or percutaneous transluminal coronary angioplasty; (4)
incidence of hospital admission for acute CHD events without a
diagnosis of MI. The fifth and final tertiary endpoint, which
relates to health economics, will be addressed in a subsequent
report. The protocol specified subgroup analyses of females
and of patients aged =60 years, with recognition that these
analyses had less statistical power than those based on the whole
population. Whether the patients were alive or not was
ascertained half-yearly and at the end of the study by
contact with each patient or another member of the household.
Cause of death was ascertained from hospital records and
death certificates, as well as interviews with physicians
and relatives. A summary of these records, and of hospital
records of patients with suspected nonfatal endpoint events,
was provided to the endpoint classification committee, who
then determined and categorised each event for use in the
analysis.

Hospital-verified cardiovascular events were classified
according to a modification of the WHO MONICA method.?*?
Annual electrocardiograms were coded for major Q-wave pattern
changes,* with confirmation by visual overreading. When such a
change appeared without a corresponding hospital-verified acute
MI, a silent MI was recorded and dated as the midpoint between
the two corresponding visits.

The study was planned to have 95% power to detect a 30%
reduction in total mortality at a=0-05 (two-sided, adjusted for
three preplanned interim analyses and one final analysis). To
achieve this power the protocol specified 4400 patients to be
followed until the occurrence of 440 deaths, unless the trial was
stopped early on the basis of an interim analysis. Vital status was
monitored throughout the study. Treatment group differences
were assessed by the logrank test. Relative risk and 95%
confidence intervals were calculated with the Cox regression
model.” Mortality data were also analysed with the same model,
with baseline variables that were significantly related to outcome.
Two-sided p values <0-05 were regarded as significant and only
in the case of the primary endpoint was the significance level
adjusted for the three interim analyses. All data were analysed by
intention-to-treat.

Resulits

Of the 7027 patients recruited for the diet period 4444
fulfilled the entry criteria and were randomised between
May 19, 1988, and Aug 16, 1989. The main reasons for
exclusion were serum total cholesterol after diet outside
the 5-5-8-0 mmol/L range (n=1300), serum triglyceride
>2-5 mmol/LL (n=864), and unwillingness to participate
(n=396).

Having completed the third (and final) interim analysis
of available endpoint reports, the data safety and
monitoring committee advised (on May 27, 1994) that
the study should be stopped as soon as was possible. At
this analysis the p value crossed the boundary of the
predefined statistical guideline. After discussion with the
chairman of the steering committee, Aug 1, 1994 was
selected as the cut-off date at which it was anticipated that
the protocol-specified target of 440 deaths would be
approximated.

Median follow-up time was 5-4 years (range of those
surviving was 4-9-6:3). Confirmation of whether the
patients were alive or dead was obtained in every case at
the end of the study. The two treatment groups were well
matched at baseline (table 1). 288/2223 (13%) patients in
the placebo group and 231/2221 (10%) in the simvastatin
group stopped taking their tablets. Adverse events were
the reason for discontinuing therapy in 129 patients in the
placebo group and 126 in the simvastatin group, and
patient reluctance to continue accounted for most of the
remainder.
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Placebo Simvastatin

(n=2223) {n=2221)
No (%) of patients
Male 1803 (81) 1814 (82)
Female 420 (19) 407 (18)
Age B0 yr 1126 (51) 1156 (52)
Qualifying diagnosis
Angina only 456 (21) 462 (21)
Infarction only 1385 (62) 1399 (63)
Both angina and infarction 381 (17) 360 (16)
Time since first diagnosis of angina or infarction
-1yr 589 (26) 602 (27)
2-5yr 961 (43} 929 (42)
B yr 673(30) 690 (31)
Major ECG Q-wave 782 (35) 724 (33)
Secondary diagnoses
Hypertension 584 (26) 570 (26)
Claudication 123 (6) 130 (6)
Diabetes mellitus 96 (4) 105 (5)
Previous CABG or angioplasty 151 (7) 189 (9)
Non-smokers 562 (25) 558 (25)
Ex-smokers 1065 (48) 1121 (50}
Smokers 596 (27) 542 (24)
Other therapy
Aspirin 815 (37} 822 (37)
Beta-blockers 1266 (57) 1258 (57)
Calcium antagonists 668 (30) 712 (32)
Isosorbide mono/dinitrate 727 (33) 684 (31)
Thiazides 138 (6) 151 (7)
Warfarin 51(2) 29 (1)
Fish oit 293 (13) 283 (13}
Mean (SD)
Age (yr) men 58-1 (7-2) 58.2(7-3)
Age {yr} women 60-51 (57} 605 (6-4)
Body mass index (kg/m?) 26-0(3-3) 26:0 (3-4)
Heart rate 64-2 (10-1) 63-8 (10-1)
Blood pressure {mm Hg)
Systolic 1391 (19-6) 138:5 (19-6)
Diastolic 837 (9:5) 83-2(9:5)
Cholesterol (mmol/L)
Total 6-75 (0-66) 6-74 (0-67)
HDL 1-19(0-29) 1-18 (0-30)
LDL 4.87 (0-65) 4.87 {0-66)
Triglycerides (mmol/L) 1:51(0-52) 1-49 (0-49)

CABG=coronary artery bypass grafr; HDL=high-density lipoprotein; LDL=low-density
lipoprotein.

Table 1. Baseline characteristics of randomised patients

Changes in serum lipid concentrations

37% of the patients taking simvastatin had their dose
raised to 40 mg during the first 6 months after
randomisation, while the rest continued to take 20 mg
daily, except for 2 patients whose dosage was reduced to
10 mg daily, according to protocol.

Lipid concentrations showed little change in the
placebo group, except for an upward drift in serum
triglycerides. After 6 weeks of therapy with simvastatin, at
which point all patients were still taking 20 mg daily, total
cholesterol was reduced on average by 28%, LDL
cholesterol by 38%, and triglycerides by 15%, whereas
high-density-lipoprotein (HDL) cholesterol rose by 8%.
After 1 year, 72% of the simvastatin-treated patients had
achieved the total-cholesterol goal (<5-2 mmol/L). In
subsequent years there was a small increase in mean total
and LDL cholesterol, while HDL cholesterol and
triglycerides tended to move in parallel with changes in
the placebo group. Over the whole course of the study, in
the simvastatin group the mean changes from baseline in
total, LDL, and HDL cholesterol, and serum
triglycerides, were —25%, —35%, +8% and —10%,
respectively. The corresponding values in the placebo
group were +1%, +1%, +1%, and +7%, respectively. 35
patients in the placebo group were switched to lipid-
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Figure 1: Kaplan-Meier curves for all-cause mortality

Number of patients at risk at the beginning of each year is shown below
the horizontal axis.

lowering drugs, either because serum cholesterol rose
above the protocol-specified limit of 9-0 mmol/L (16
patients) or because such therapy was initiated by non-
study physicians (19 patients).

Mortality

The primary endpoint was total mortality. During the
double-blind study period 438 patients died, 256 (12%)
in the placebo group and 182 (8%) in the simvastatin
group (table 2); the relative risk was 0-70 (95% CI
0-58-0-85, p=0-0003) with simvastatin. The Kaplan-
Meier 6-year (70 months) probability of survival (figure
1) was 87-7% in the placebo group and 91:3% in the
simvastatin group. Adjustment for the baseline covariates
made no material difference to the results for survival or
the other endpoints. There were 189 coronary deaths in
the placebo group (74% of all deaths in this group),
compared with 111 in the simvastatin group. The relative
risk of coronary death was 0-58 (95% CI 0:46-0-73) with
simvastatin. This 42% reduction in the risk of coronary
death accounts for the improvement in survival. There
was no statistically significant difference between the two
groups in the number of deaths from non-cardiovascular
causes. There were similar numbers of violent deaths
(suicide plus trauma) in the two groups, 7 versus 6. Of
the fatal cancers, 12/35 in the placebo group and 9/33 in
the simvastatin group arose in the gastrointestinal system.
There were similar numbers of cerebrovascular deaths in
the two groups, and the difference (6 vs 11) in deaths
from other cardiovascular diseases is not significant.

Nonfatal and combined endpoints

The secondary study endpoint was major coronary
events: coronary death (table 2), nonfatal definite or
probable MI, silent MI, or resuscitated cardiac arrest
(table 3). 622 (28%) patients in the placebo group and
431 (19%) in the simvastatin group had one or more
secondary endpoint events. The relative risk of a major
coronary event in the simvastatin group was 0-66 (95%
CI 0:59-0-75, p<0-00001). The Kaplan-Meier 6-year
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Causes of death No (%) of patients Event No (%) of patients*
Placebo Simvastatin Relative risk Placebo Simvastatin
{n=2223) (n=2221) (95% Cl) {n=2223) (n=2221)
Definlte acute M| 63 30 Major coronary
Probable acute M| 5 5 Definite acute M| 270 (12-1) 164 (7-4)
Acute Ml not confirmed Definite or probable acute Ml 418 (18:8) 279 (12-6)
Instantaneous death 39 29 Sitent MI 110 (4-9) 88 (4:0)
Death within 1 h* 24 8 Resuscitated cardiac arrest 0 1
Death within 1-24 h 15 9 Acute M|, intervention-associated 25 12
Death >24 h after onset of event 11 10 N
Non-witnessed deatht 23 13 Any major coronary 502 (22-6) 353 (15-9)
Intervention-associatedt 9 7 Coronary surgery or angioplasty 383 (17-2) 252 (11-3)
All coronary 189 (8:5) 111 (5:0) 0-58 (0-46-0-73) Non-MI acute CHD 331(14-9) 295 (13-3)
Cerebrovascular 12 14 Acute non-CHD cardiac 109 (4-9) 109 (4-9)
Other cardiovascular 6 11 -
" All cardiovascular 207 (9-3) 136 (6-1) 0-65 (0-52-0-80) Stroke, non-embolic 33 16
Stroke, embolic 16 13
ga;gsr 32 32 Stroke, haemorrhagic 2 0
uicige Stroke, unclassified 13 15
Trauma 3 1 ) ) :
Other 7 7 Stroke, intervention-associated 10 3
Transient ischaemic attack 29 19
Al noncardiovascular 49 (2-2) 46 (2-1) Any cerebrovascular* 95 (4.3 61(27)
All deaths 256 (11-5) 182 (8-2) 0-70 (0-58-0-85) Other cardiovascular 33(15) 24(11)

Relative risk, calculated by Cox regression analysis. Ml=myocardial infarction.
*Following acute chest pain, syncope, pulmonary oedema, or cardiogenic shock.
1With no likely non-coronary cause. $Coronary death within 28 days of any invasive
procedure.

Table 2: Mortality and causes of death

probability of escaping such events was 70-5% in the
placebo group and 79-6% in the simvastatin group (figure
2A). The relative risk of hospital-verified non-fatal
definite or probable acute myocardial infarction was 0-63
(95% CI 0-54-0-73).

Results for the four tertiary endpoints are presented
below. The relative risk of having any coronary event in
the simvastatin group was 073 (95% CI 0-66-0-80,
p<0-00001). The 6-year Kaplan-Meier probability of
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Figure 2: Kaplan-Meier curves for secondary and tertiary
endpoints

(A) major coronary events; {B) any coronary event; (C) survival free of
any atherosclerotic event; (D) myocardial revascularisation procedures.

*A patient with 2 or more events of different types will appear more than once in a
column but only once in a row.

Table 3: Patients with nonfatal cardiovascular events during
follow-up

escaping any coronary event was 56-7% in the placebo
group and 66:6% in the simvastatin group (figure 2B).
The relative risk of death or having any atherosclerotic
cardiovascular event was 0-74 (95% CI 0-67-0-81,
p<0-00001). The probability of escaping such events was
53-0% in the placebo group and 62-9% in the simvastatin
group (figure 2C). Simvastatin also reduced the patient’s
risk of undergoing coronary artery bypass surgery or
angioplasty (table 3 and figure 2D): the relative risk was
063 (95% CI 0-54-0-74, p<0-00001). There was no
significant difference between treatment groups with
regard to non-MI acute CHD events. A post-hoc analysis
was performed on fatal plus nonfatal cerebrovascular
events: there were 98 patients with such events in the
placebo group and 70 in the simvastatin group, relative
risk 0-70 (95% CI 0-52-0-96, p=0-024).

Results in women and patients aged =60

The results in the protocol-specified subgroups are
presented in table 4. Only 52 of the 827 women died in
the trial, 25 (6%) in the placebo group and 27 (7%) in
the simvastatin group. Of these deaths 17 and 13,
respectively, were the result of CHD. The probability that
a woman would escape a major coronary event was 77-7%
in the placebo group and 85-1% in the simvastatin group:
relative risk was 0-65 (95% CI 0-47-0-90, p=0-010). For
both the primary and secondary endpoints, there were no

No (%) of patients
Placebo Simvastatin Relative risk*
{95% CI)

Death
Women 25 (6-0) 27 (6-6) 1.12 (0-65-1-93)
Men 231 (12-8) 155 (8-5) 0-66 (0-53-0-80)
Age <60 yr 89 (8-1) 55 (5-2) 063 {0-45-0-88)
Age =60 yr 167(14-8} 127 (11-0) 0-73 (0-58-0-92)
Major coronary event
Women 91 (21-7) 59 (14-5) 0-65 (0-47-0-91)
Men 531 (29-4) 372 (20-5) 0-66 (0-58-0-76)
Age <60 yr 303 (27-6) 188 (17-6) 0-61 (0:51-0-73)
Age =60 yr 319 (28-3) 243 (21.0) 0-71 (0-60-0-86)

*Calculated by Cox regression analysis.
Table 4: Endpoints in predefined subgroups
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significant interactions between treatment and either sex
or age. Although the observed relative risk reductions
produced by simvastatin were somewhat less in the
patients aged =60, they were statistically significant
(p<0-01 in both age groups for mortality and p<0-0001
for major coronary events) and the absolute differences
between treatment groups were similar in the two age
groups.

Adverse experiences

The overall frequency of adverse events was similar in the
two groups. As previously noted, 6% of patients in both
groups discontinued the study drug because of adverse
events. In addition to the cancer deaths reported in table
2, there were 61 nonfatal cases of cancer in the placebo
group and 57 in the simvastatin group, of which 14 and
12, respectively, arose in the gastrointestinal system.
These totals exclude cases of non-melanoma skin cancer,
of which there were 6 in the placebo group and 13 in the
simvastatin group. There were no significant differences
between the treatment groups for fatal plus nonfatal
cancer as a whole or at any particular site. A single case of
rhabdomyolysis occurred in a woman taking simvastatin
20 mg daily; she recovered when treatment was stopped.
An increase of creatine kinase to more than ten times the
upper limit of normal occurred in 1 and 6 patients in the
placebo and simvastatin groups, respectively, but in none
of the latter was this high level maintained in a repeat
sample or accompanied by muscle pain or weakness.
Increases of aspartate aminotransferase to more than
three times the upper limit of normal occurred in 23
patients in the placebo group and 20 in the simvastatin
group. For alanine aminotransferase the corresponding
numbers were 33 and 49.

Discussion

As expected in a large study, the groups were well
matched at baseline. 79% of patients had a history of MI.
Patients were excluded if they had a history of
complicated MI with significant myocardial dysfunction,
or required drug therapy for heart failure. This was done
to avoid excess early mortality from congestive heart
failure or arrhythmias, which might dilute the postulated
effect of simvastatin on deaths caused by progression of
coronary atherosclerosis. These factors resulted in a
selection of patients with a lower risk of death in the
placebo group than has wusually been seen in
postinfarction populations.’

The effect of simvastatin on lipids was similar to that
observed in other long-term controlled trials with this
drug.?**" As often happens in long-term studies analysed
by intention-to-treat, there was a slight attenuation of the
mean drug effect over time, due at least in part to dilution
by patients who stopped treatment but continued to
provide blood samples.

Simvastatin produced highly significant reductions in
the risk of death and morbidity in patients with CHD
followed for a median of 5-4 years, relative to patients
receiving standard care. The results in CHD endpoints
and in subgroups are internally consistent and very
robust. They indicate that addition of simvastatin 20-40
mg daily to the treatment regimens of 100 CHD patients,
with characteristics similar to those of our patients, can be
expected, on the basis of the corresponding Kaplan-Meier
curves, to yield the following approximate benefits over
the first 6 years: preservation of the lives of 4 of the 9

patients who otherwise would die from CHD, prevention
of nonfatal MI in 7 of an expected 21 patients, and
avoidance of myocardial revascularisation procedures in 6
of the 19 anticipated patients.

No previous unifactorial trial of any lipid-lowering
therapy has demonstrated reduction of total or even
coronary mortality during the planned follow-up period.
In the extended follow-up of the first Oslo Diet-Heart
study?® there was a significant reduction after 11 years in
fatal MI. In the niacin arm of the Coronary Drug Project
trial there was a significant 11% reduction in total
mortality over 15 years.” Except for the POSCH study,’
in which patients with a history of MI underwent partial
ileal bypass to reduce mean LDL. cholesterol by 38%,
none of these trials achieved changes in LDL cholesterol
comparable with the 35% average reduction observed in
this trial; the reductions in these earlier trials averaged
about 10%. The POSCH trial was not large enough to
show an effect on total or coronary mortality, but there
was a significant 35% reduction over 5 years in CHD
deaths plus nonfatal myocardial infarctions, which is in
good agreement with our results. Combining the results
from twenty-eight cholesterol-lowering trials, Law et al®
estimated that the risk of coronary death plus nonfatal MI
was reduced by 7% (95% CI 0-14%) per 0-6 mmol/L
reduction in serum total cholesterol concentration in the
first 2 years of treatment, and 22% (95% CI 15-28%) in
years 3-5. In our study a mean reduction of serum
cholesterol of 1-8 mmol/LL (25%) was achieved. With the
exclusion of silent MI, the risk of coronary death plus
nonfatal MI was reduced by 37% over the whole study, by
26% in the first 2 years, and by 46% thereafter. Thus our
results are consistent with the estimates of Law et al.

Our study also provided evidence for a beneficial effect
of simvastatin on fatal plus nonfatal cerebrovascular
events. This finding is consistent with a report® that
lovastatin, a closely related inhibitor of HMG-CoA
reductase, can reverse the progression of carotid
atherosclerosis. Since it is based on a data-driven post-hoc
analysis, prospective trials are needed to confirm this
possible additional benefit.

Patient compliance with the demands of the study
protocol was generally good and doubtless contributed
substantially to the clearcut outcome. Under 1% of
placebo patients discontinued study drug to receive open-
label cholesterol lowering therapy—an indication that
treatment  allocation was seldom unblinded by
measurement of serum cholesterol outside the study. This
reflects in part the contemporary conservative attitude of
Scandinavian physicians towards drug treatment of
hypercholesterolaemia.

The impact of simvastatin on CHD seems to begin
after about 1 year of therapy and increases steadily
thereafter. This is consistent with several angiographic
studies showing beneficial effects on coronary
atherosclerosis within 2 years of effective lipid-lowering
therapy.**2 Progression of coronary atherosclerotic lesions
clearly predicts subsequent coronary events.® Lately the
Multicentre Anti-Atheroma Study (MAAS) investigators?’
showed by quantitative angiography a retardation of the
progression of coronary atheromatous lesions, compared
with standard care, at 2 and 4 years after starting
treatment with simvastatin in patients similar to those
studied in 4S. Significantly fewer new lesions and total
occlusions developed in the simvastatin group. Coronary
lesions may stabilise as their lipid core shrinks or at least
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does not further enlarge; there is thus a drop in risk of
plaque rupture, which triggers intramural haemorrhage
and intraluminal thrombosis, which in turn may cause
coronary events.*» Stabilisation of coronary lesions is
most likely the main reason for the improved survival
observed in our trial.

Only 19% of the study population were women. In the
placebo group mortality rate for women was less than half
that for men. With only 52 deaths among women,
demonstration of improved survival in women as a
separate subgroup was unlikely. Nevertheless, simvastatin
did reduce the risk of major coronary events in women to
about the same extent as it did in men. It also improved
survival in patients aged 60 or more. This is the first trial
to show that cholesterol-lowering reduces major coronary
events in women and the first to show that it improves
survival in older patients.

The improvement in survival produced by simvastatin
was achieved without any suggestion of an increase in
non-CHD mortality, including deaths due to violence and
cancer, which have raised concern in some overviews of
cholesterol-lowering trials.’*'®* The overall incidence of
fatal plus nonfatal cancer was also similar in the two
groups. Simvastatin therapy was well tolerated and the
frequencies of adverse events in general, and those
associated with drug discontinuation in particular, were
similar in the two groups. Rhabdomyolysis, the most
important adverse effect of inhibitors of HMG-CoA
reductase, occurred in 1 patient who recovered when
treatment was stopped. No previously unknown adverse
effects were apparent in this trial. Thus the substantial
and sustained reduction of total and LDL cholesterol in
the simvastatin group was not associated with any serious
hazard. The results of the 48 are consistent with the idea
that raised LDL cholesterol is an important factor in
pathogenesis of CHD.

We thank the monitoring personnel, the many doctors, nurses, and
hospital management staff who made this study possible, and above all the
patients for their participation.

The study was supported by a grant from Merck Research Laboratories,
Rahway, New Jersey, USA.

Writing committee. T R Pedersen, ] Kjekshus, K Berg, T Haghfelt,
O Fergeman, G Thorgeirsson, K Pyorild, T Miettinen, L Wilhelmsen,
A G Olsson, H Wedel.

Steering committee. J Kjekshus (Chairman), K Berg, T R Pedersen,
T Haghfelt, O Feergeman, G Thorgeirsson, K Pyorild, T Miettinen.
L Wilhelmsen, A G Olsson (Co-chairman), H Wedel, K Kristianson
(Merck Research Laboratories Scandinavia) (non-voting).

Investigators. Denmark (713 randomised patients), H Thomsen,

E Nordere, B Thomsen, Dr Alexandrines Sygehus, Faeroe Islands;

K Lyngborg, G Steen Andersen, F Nielsen, U Talleruphuus, A McNair,

Frederiksberg Hospital, Copenhagen; K Egstrup, E Hertel Simonsen,

I Simonsen, Haderslev Sygehys; H Vejby-Christensen, I. Sommer,

P O Eidner, E Klarholt, A Henriksen, Herning Sygehus; K Mellemgaard,

J Launbjerg, P Freuergaard, L Nielsen, Hillerad Sygehus; E Birk Madsen,

H Ibsen, U Andersen, H Enemark, ] Haarbo, B Martinsen,

C G Dahlstrom, L Thyrring, K Thomassen, Holb&k Sygehus; G Jensen,

S Lind Rasmussen, N Skov, Hvidvore Hospital Copenhagen; T Haghfelt,

K Nerregaard Hansen, M Lytken Larsen, B Haastrup, I Hjare, A Thuree,

Odense Sygehus; A Leth, M Munch, R Worck, B Nielsen, A G Thorn,

K A S Glostrup, Copenhagen; O Pedersen-Bjergaard, B Fournaise,

Nyborg Sygehus; B Sigurd, B Enk, H Nielsen, L Jacobsen, Nykebing

Faister Sygehus; T Lysbo Svendsen, A Heegholm, H Miinter,

P Kaufmann, Nastved Sygehus; S Haunse, P Grande, C Eriksen,

H Heegh Nielsen, B Jurlander, Rigshospitalet, Copenhagen; T Pinborg,

J Pindborg, H Tost, Svendborg Sygehus; B Dorff Christiansen,

M Oppenhagen, Varde Sygehus; F Egede, S Hvidt, T Kjerby, Vejle

Sygehus; O Faergeman, L. Lemming, I Klausen, Arhus Amstssygehus.
Finland (868 randomised patients) T A Miettinen, H Vanhanen,

T E Strandberg, K Hélttd, H Luomanmiki, T Pekuri, A Vuorinen,

Helsinki University Hospital; A Pasternack, H Oksa, L Siitonen, R Rimpi,

Tampere University Hospital; Y A Kesdniemi, M Lilja, T Korhonen,
A Rantala, M Rantala, M Savolainen, O Ukkola, L Laine, L Virkkala,
Qulu University Hospital; K Pyérild, S Lehto, A Rantala, H Miettinen,
A Salokannel, R Riisdnen, Kuopio University Hospital.

Iceland (157 randomised patients), G Thorgeirsson, ] Hognason,
H Kristjansdottir, G Thorvaldsdottir, Landspitalinn University Hospital,
Reykjavik; G Sigurdsson, Reykjavik City Hospital; J T Sverrisson,
Sjukrahusid Akureyri.

Norway (1025 randomised patients), T R Pedersen, V Hansteen,
F Kjelsberg, K Berget, R Pettersen, E R Balto, T Holm, Aker Sykehus,
Oslo; T Gundersen, B Aslaksen, E Hauge Andersen, Aust-Agder
Sentralsjukehus, Arendal; H Torsvik, R Pettersen, J Kjekshus, A Faber,
Barum Sykehus, Sandvika; T Indrebe, A Ose, T Roterud, Gjovik
Fylkessykehus; L. Holst-Larsen, K Waage, E Holst-Larsen,
Fylkessjukehuset i Haugesund; ] W Hzrem, P Aukrust, R Torp,
K Risberg, K Mauseth, Hamar Sykehus; E Gerdts, O Nygérd,
A Hallardker, G Gradek, E Moberg Vangen, Haukeland Sykehus, Bergen;
H Schartum-Hansen, A M Refsum, S Listerud, B Gundersrud,
A M Stene, Hedmark Sentralsykehus, Elverum; B Klykken, O Aakervik,
A Loraas, P O Foss, A Haga, L. Thoresen, Innherred Sykehus, Levanger;
A Drivenes, P Lem, F Gabrielsen, S Hestad, Moss Sykehus; R Rede,
B Kvamme Haug, G Skjelvan, E Eldorsen, Norland Sentralsykehus, Bode;
K Ytre-Arne, K Rasmussen, E S P Myhre, I Nermoen, L. Christiansen,
A S Karlsen, K Walberg, Regionsykehuset i Tromse; H A Tjenndal,
B Kulseng, R Rokseth, T Vigeland Nergard, M Olstad Roe,
Regionsykehuset i Trondheim; O Tenstad, I L Lofsnes, U Bergsrud,
Ringerike Sykehus, Henefoss; T H Melberg, C von Brandis, S Barvik,
L Woie, A M Abrahamsen, T Aarsland, H Svanes, Rogaland
Sentralsjukehus, Stavanger; G Noer, K E Nordlie, A E Hanedalen,
Sandefjord Sykehus; T Johansen, T Holm, C B Larsen, E Ostholm,
@stfold Sentralsykehus, avd Fredrikstad; K Overskeid, P Sandvei,
Aa Johansen, Qstfold Sentralsykehus, avd Sarpsborg; E Segnen,
D Aarskog, A Dale, S Hegrestad, A Reikvam, L Hawkes, Sogn og
Fjordane Sentralsjukehus, Forde; S Hoff, T Torjussen, R Norvik,
C Jorgensen, Spesialistsenteret, Kristiansand; I Hjermann, P Leren,
A Narvestad, Ulleval Sykehus, Oslo; D Fausa F T Gjestvang, B Nordland,
Vest-Agder Sentralsykehus, Kristiansand.

Sweden (1681 randomised patients) P Brunmark, H Biéklund,
B Bioklund, Arvika Sjukhus; H Forsberg, B Bergstrom, 1 Laaksonen,
M B Vestermark, Boden/Luled Sjukhus; G Mascher, E Hammarstréom,
K Trosell, Bollnds Sjukhus; L. Karlsson, L. Hallstrém, Enkoping Lasarett;
A Stjerna, M K Slette, E Diderholm, K P-Berglund, Eskilstuna,
Malarsjukhuset; B Linde, G Ahlmark, H S@tre, G Ahlberg, K Sundkvist,
Falun Lasarett; P E Gustafsson, E Gustafsson, Givle Sjukhus; A Norrby,
B Jaup, L Svensson, Goteborg, GLF Lundby Sjukhus; O Wiklund,
T Lindén, C H Bergh, K Jonsteg, B Bonnier, Y Lundin, K Romanus,
Goteborg, Sahlgrenska Sjukhuset; G Ulvenstam, S Johansson, I Wallin,
K Dudas, M Andreasson, G Torelund, Géteborg, Ostra Sjukhuset;
E Skarfors, G Riiter, L Akesson, Halmstads Linssjukhus; F Wagner,
L Ljungdahl, V Wagner, Helsingborg Lasarett; G Rasmanis, O Edhag,
D Vourisalo, H Hjelmsell, G Wesley, Huddinge Sjukhus; Hudiksvalls
Sjukhus (L. Lundkvist, K Angman, A Olsson); O Svenson,
J Kuylenstierna, K Frisenette-Fich, E Bergman, Jonkoping, Linssjukhuset
Ryhov; H Stromblad, S Jensen, E Jénsson, C Levin, Karlshamn
Linslasarett; H Odeberg, P O Bengtsson, E Holmesson, Karlskrona
Centrallasarett; H Hedstrand, L Bojo, S Oberg, Karlstad Centralsjukhus;
H Leksell, P Werner, S Persson, M Simonsson, U B Wirenstam,
Kristianstads Centralsjukhus; B Moberg, A B Ekstrand, Kristinehamn
Sjukhus; P Nicol, B Malmros, ] Saaw, N Arcini, ] Kobosko, I G Anevik,
S Johansson, Koping Lasarett; F Gyland, B Lundh, M Wennerholm,
C Olsson, Landskrona Lasarett, ] Kjellberg, K Fabianson, Lidkoping
Bassjukhus; T Fraser, I Bergkvist, Lindesberg Lasarett; A G Olsson,
B Bergdahl, C Fluur, S Wirjerstam, Linkdping Universitetssjukhus;
K A Svensson, L Ekholm, E Torebo, A Ryberg, Ljungby Lasarett;
] E Frisell, A Hedman, L. Wallrup, G Andersen, M Sandstrém, K Alberg,
Ludvika Lasarett; B Fagher, T Thulin, I Svenstam, Lund,
Universitetssjukhuset; A Bjurman, E Skoglund, G Dahl, Lycksele
Lasarett; T Kjellstrom, P Juhlin, M Sj66-Boquist, Malmé Allménna
Sjukhus; A Sjogren, E Loogna, T Jansson, Nacka Sjukhus; J Fridén,
O Nilsson, P O Andersson, C Henriksson, Norrkoéping Lasarett;
J Ellstrom, H Brodersson, L. Lundquist, M Aslund, Sandviken Lasarett;
K Boman, J H Jansson, B Norrfors, Skellefted Lasarett; C Hoglund,
M Lundblad, Stockholm Heart Center; I Liljefors, L. Wennerstrém, 1 Petz,
Stockholm, Sabbatsberg Sjukhus; B Leijd, C Falkenberg, L Bergsten,
S Strém, A C Engstrom, Stockholm, St Goran Sjukhus; J Ejdebick,
K Malmberg, S Hogstrom, L Stéhl, Skévde Karnsjukhus; B H Méller,
M Lycksell, M Soderstrém, Sundsvalls Sjukhus; E Hansson, C Hallén,
Siffle Sjukhus; H Stakeberg, ] Borretzen, B Hedén, K Andersson,
Trollhittan NAL; O Johnson, L Slunga Birgander, S Jensen, B Elander,
Umea4 Universitetssjukhus; C Lidell, P E Andersson, E Marklund,
Uppsala Akademiska Sjukhus; M Dahlen, F Riicker, M Lofqvist,
B Wannberg, Visby Lasarett; B H Lim, O Larsson, G Andersson,
A Hansson, M Uchto, M Gowenius, I Uggeldahl, Vixj6 Lasarett;
D Ursing, P Hammarlund, P Nyman, E Tsuppuka, Angelholm Sjukhus;
L Malmberg, K Goransson, P Hasselgren, C M Insberg, S Petterson,
A Ahrlin, Orebro Regionsjukhus; O Lévheim, L O Andersson,
1 Grundstréom, Ornskoldsvik Sjukhus.

1388

Vol 344 « November 19, 1994



THE LANCET

Coordinator. R Pedersen.

Data and safety monitoring committee. D G Julian (chairman),
S G Thompson, W McFate Smith, C D Furberg, ] Huttunen, J Lubsen.

Endpoint ciassification committee. M Romo, K Thygesen.

Clinical events ECG coding centre. S Lehto, H Miettinen.

Annual ECG Coding Centre. R Crow.

Central lipid laboratory. B Kristoffersen, Marie Buchman, Toril Gran.
Data analysis. T Cook (Merck Research Laboratories).

Monitoring offices, Merck Sharp & Dohme. G Renstrem Moen,
] Hylerstedt; V Larsen; S Lillsj, R Nyberg; C Eriksen, D Fogh Nielsen,
T Musliner, R Greguski.

References

1 Gotto AM Jr, LaRosa JC, Hunninghake D, et al. The cholesterol facts.
A summary of the evidence relating dietary fats, serum cholesterol, and
coronary heart disease. Circulation 1990; 81: 1721-33.

2 Leren P. The Oslo Diet Heart Study: eleven-year report. Circulation
1970; 42: 935-42.

3 Coronary Drug Project Research Group. Clofibrate and niacin in
coronary heart disease. $4MA 1975; 231: 360-81.

4 Carlson LA, Danielson M, Ekberg I, Klintemar B, Rosenhamer G.
Reduction of myocardial reinfarction by the combined treatment with
clofibrate and nicotinic acid. Atherosclerosis 1977; 28: 81-86.

5 Committee of Principal Investigators. A co-operative trial in the
primary prevention of ischaemic heart disease using clofibrate. Br Hear:
§1978; 40: 1069-118.

6 Lipid Research Clinics Program. The Lipid Research Clinics coronary
primary prevention trial results. J4MA 1984; 251: 351-74.

7 Frick MH, Elo O, Happa K, et al. Helsinki Heart Study: primary-
prevention with gemfibrozil in middle-aged men with dyslipemia.

N Engl § Med 1987; 317: 1237-45.

8 Dorr AE, Gundersen K, Schneider JC Jr, Spencer TW, Martin WB
Colestipol hydrochloride in hypercholesterolemic patients—effect on
serum cholesterol and mortality. ¥ Chron Dis 1978; 31: 5-14.

9 Buchwald H, Varco RL, Matts JP, et al. Effect of partial ileal bypass on
mortality and morbidity from coronary heart disease in patients with
hypercholesterolemia—report of the Program on the Surgical Control
of Hyperlipidemias (POSCH). N Engl ¥ Med 1990; 323: 946-55.

10 Lowering blood cholesterol to prevent heart disease: consensus
conference. FAMA 1985; 253: 2080-90.

11 Study Group, European Atherosclerosis Society. Strategies for the
prevention of coronary heart disease: a policy statement of the
European Atherosclerosis Society. Eur Heart ¥ 1987; 8: 77-88.

12 Expert Panel on Detection, Evaluation, and Treatment of High Blood
Cholesterol in Aduits. Summary of the second report of the National
Cholesterol Education Program (NCEP) Expert Panel on Detection,
Evaluation, and Treatment of High Blood Cholesterol in Adults (adult
treatment panel II). 4MA 1993; 269: 3015-23.

13 Pyorild K, De Backer G, Graham 1, on behalf of the Task Force.
Prevention of coronary heart disease in clinical practice.
Recommendations of the Task Force of the European Society of
Cardiology, European Atherosclerosis Society and European Society of
Hypertension. Eur Heart ¥ 1994; 15: 1300-31.

14 Oliver MF. Doubts about preventing coronary heart disease. Multiple
interventions in middle aged men may do more harm than good. BM¥
1992; 304: 393-94.

15 Davey Smith G, Pekkanen J. Should there be a moratorium on the use
of cholesterol lowering drugs? BM¥ 1992; 304: 431-34.

16 Muldoon MF, Manuck SB, Matthews KA. Lowering cholesterol
concentrations and mortality: a quantitative review of primary
prevention trials. BMY 1990; 301: 309-14.

17 Rossouw JE, Lewis B, Rifkind BM. The value of lowering cholesterol
after myocardial infarction. N Engl ¥ Med 1990; 323: 1112-19.

18 Ravnskov U. Cholesterol lowering trials in coronary heart disease:
frequency of citation and outcome. BM¥ 1992; 305: 15-19.

19 Todd PA, Goa KL. Simvastatin, a review of its pharmacological
properties and therapeutic potential in hypercholesterolemia. Drugs
1990; 40: 583-607.

20 Illingworth DR, Erkelens DW, Keller U, Thompson G, Tikkanen M].
Defined daily doses in relation to hypolipidaemic efficacy of lovastatin,
pravastatin, and simvastatin. Lancer 1994; 343: 1554-55.

21 The Scandinavian Simvastatin Survival Study Group. Design and
baseline results of the Scandinavian Simvastatin Survival Study of
patients with stable angina and/or previous myocardial infarction. Am ¥
Cardiol 1993; 71: 393-400.

22 WHO MONICA Project. MONICA manual, revised edition. Geneva:
Cardiovascular Diseases Unit, WHO: 1990.

23 Tuomilehto J, Arstila M, Kaarsalo E, et al. Acute myocardial infarction
in Finland: baseline data from the FINMONICA AMI register in
1983-85. Eur Heart ¥ 1992; 13: 577-87.

24 Crow RS, Prineas R], Jacobs DR Jr, Blackburn H. A new
epidemiologic classification system for interim myocardial infarction
from serial electrocardiographic changes. Am J Cardiol 1989; 64:
454-61.

25 Cox DR. Regression methods of life tables (with discussion). ¥ R Star
Soc 1972; B34: 187-220.

26 Keech A, Collins R, MacMahon S, et al. Three-year follow-up of the
Oxford Cholesterol Study: assessment of the efficacy and safety of
simvastatin in preparation for a large mortality study. Eur Heart J 1994;
15: 255-69.

27 MAAS investigators. Effect of simvastatin on coronary atheroma: the
Multicentre Anti-Atheroma Study (MAAS). Lancer 1994; 344: 633-38.

28 Canner PJ, Berge KG, Wenger NK, et al, for the Coronary Drug
Project Group. Fifteen year mortality in coronary drug project patients:
long-term benefit with niacin. ¥ Am Coll Cardiol 1986; 8: 1245-55.

29 Law MR, Wald NJ, Thompson SG. By how much and how quickly
does reduction in serum cholesterol concentration lower risk of
ischaemic heart disease? BM¥ 1994; 308: 367—72.

30 Furberg CD, Adams HP Jr, Applegate WB, et al. Effect of lovastatin on
early carotid atherosclerosis and cardiovascular events. Circulazion
1994; 90: 1679-87.

31 Brown BG, Zhao X-Q, Sacco DE, Albers JJ. Lipid lowering and plaque
regression, New insights into prevention of plaque disruption and
clinical events in coronary disease. Circulation 1993; 87: 1781-91.

32 Vos ], deFeyter ], Simoons ML, Tiijssen JGP, Deckers JW. Retardation
and arrest of progression or regression of coronary artery disease: a
review. Prog Cardiovasc Dis 1993; 35: 435-54. .

33 Waters D, Craven T, Lesperance J. Prognostic significance of
progression of coronary atherosclerosis. Circulation 1993; 87:

1067-75.

34 Davies M]J, Krikler DM, Katz D. Atherosclerosis: inhibition or
regression as therapeutic possibilities. Br Heart ¥ 1991; 65: 302-10.

35 Fuster V, Badimon L, Badimon JJ, Chesebro JH. The pathogenesis of
coronary artery disease and acute coronary syndromes. N Engl ¥ Med
1992; 326: 242-50, 310-18.

Vol 344 « November 19, 1994

1389



