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Background—The Scandinavian Simvastatin Survival Study (4S) randomized 4444 patients with coronary heart disease
(CHD) and serum cholesterol 5.5 to 8.0 mmol/L (213 to 310 mg/dL) with triglycerides =2.5 mmol/L (220 mg/dL) to
simvastatin 20 to 40 mg or placebo once daily. Over the median follow-up period of 5.4 years, one or more major
coronary events (MCEs) occurred in 622 (28%) of the 2223 patients in the placebo group and 431 ( 19%) of the 2221
patients in the simvastatin group (34% risk reduction, P< .00001). Simvastatin produced substantial changes in several
lipoprotein components, which we have attempted to relate to the beneficial effects observed.

Methods and Results—The Cox proportional hazards model was used to assess the relationship between lipid values
(baseline, year 1, and percent change from baseline at year 1) and MCEs. The reduction in MCEs within the simvastatin
group was highly correlated with on-treatment levels and changes from baseline in total and LDL cholesterol,
apolipoprotein B, and less so with HDL cholesterol, but there was no clear relationship with triglycerides. We estimate
that each additional 1% reduction in LDL cholesterol reduces MCE risk by 1.7% (95% CI, 1.0% to 2.4%; P< .00001).

Conclusions—These analyses suggest that the beneficial effect of simvastatin in individual patients in 4S was determined
mainly by the magnitude of the change in' LDL cholesterol, and they are consistent with current guidelines that
emphasize aggressive reduction of this lipid in CHD patients. (Circulation. 1998;97:1453-1460.)
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he 4S'? randomly allocated 4444 patients with CHD and baseline lipoproteins predict coronary events and which
total cholesterol 5.5 to 8.0 mmol/L (213 to 310 mg/dL) to lipoprotein changes produced by therapy could best account
double-blind therapy with placebo or simvastatin for 4.9 to for the observed clinical benefits.
6.3 years. Simvastatin reduced coronary mortality by 42%
(P<.00001), thus reducing all-cause mortality by 30% See p 1436
{(P=.0003), and reduced the incidence of MCEs (CHD death
and nonfatal myocardial infarction) by 34% (P<.00001). The Methods
relative reduction in the risk of MCEs was independent of the . .
baseline levels of total, LDL, and HDL cholesterol.? One or Study Design ‘?"d Patle!lts .

. . 4S was a double-blind, randomized, placebo-controlled, multicenter
¥nore MCEs were observed in 622 (28%) of the 22?3 P a.tlents clinical trial of long-term simvastatin therapy in patients with CHD.
In the placebo group and 431(19%) of the 2221 patients in the The design of the trial and the main findings on mortality, morbidity.,
simvastatin group (P<.00001). The large number of patients and long-term safety have been described previously.'™ In brief, the
with clinical end points in 4S and the substantial changes in patients were men and women 35 to 70 years old (mean, 58.7 years)

se . in levels in the simvastatin group offered the with a history of acute myocardial infarction or angina pectoris. For
lipoprotein group them to qualify for randomization, their serum total cholesterol had

opportunity to study the relationship between outcome and (U0 TR and 8.0 mmoU/L (213 and 310 mg/dL) and serum
baseline lipoprotein levels and changes from baseline in the triglyceride levels <2.5 mmol/L (220 mg/dL), after dietary advice 2
simvastatin group. Our objective was to determine which months previously.
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Selected Abbreviations and Acronyms
apo = apolipoprotein
CHD = coronary heart disease
MCE = major coronary event
4S = Scandinavian Simvastatin Survival Study

Patients were randomized to placebo or simvastatin 20
mg/d, with titration to 40 mg simvastatin at 12 or 24 weeks in
patients who did not reach the study target of a serum total
cholesterol level of 3.0 to 5.2 mmol/L (116 to 201 mg/dL)
after 6 or 18 weeks. Clinic visits with lipid determination took
place at 6 and 18 weeks and at 6 months, and thereafter every
6 months. All patients were accounted for at the end of the
study. Median follow-up time was 5.4 years (range, 4.9 to 6.3
years).

Measurement of Lipoprotein Components

Blood samples were collected after 12 to 14 hours of fasting and left
to coagulate for 1 to 2 hours at room temperature. Serum was
separated by centrifugation and divided into three aliquots. One tube
was shipped unfrozen to the central laboratory the same day to be
analyzed for total cholesterol, and the two other tbes were frozen
immediately at —20°C. The frozen serum was shipped batchwise in
insulated containers with dry ice to the central laboratory to be
analyzed within 3 months.

Cholesterol and triglycerides were measured enzymatically by the
method of Boehringer Mannheim. HDL cholesterol was measured
after precipitation of apo B-containing lipoproteins by heparin-
MnCl. Although the accuracy and precision of the analyses were
monitored continuously by daily analyses of HDL cholesterol in
control sera, a small temporary drift during 1992 in the HDL
cholesterol assay of unknown cause was discovered at the comple-
tion of the study. LDL cholesterol was calculated according to the
Friedewald formula.’ Serum apo A-I and apo B were measured by
immunoturbidimetry by test kits with antisera and standards from
Orion. The lipoprotein measurements were stored in a secure
computer at the central laboratory and were not disclosed outside the
laboratory during the trial.

The baseline values of lipids and apoiipoproteins are means of two
measurements from serum collected =2 months after dietary advice,
the first at the beginning of the single-blind placebo period and the
second 2 weeks later on the day of randomization, except for apo A-I
and apo B, which were measured only at randomization.

End Points

End-point definition has been described previously.' In brief, all
end-point events were classified by an independent end-point clas-
sification committee. The primary study end point was death from
any cause. The secondary end point was MCEs, defined as fatal or
nonfatal definite or probable acute myocardial infarction, including
silent myocardial infarction; sudden cardiac death; or resuscitated
cardiac arrest. Although there were 438 deaths (the primary end
point), the secondary end point, MCEs, is more appropriate for
correlation analyses because it is not diluted by noncoronary events
and because >1000 patients had one or more MCEs, providing
greater statistical power. Only the first end-point event was included
in the analysis.

Statistical Methods

Because the 1-year measurements were the first to be performed after
completion of the dose titration procedure, only baseline and year 1
values were used in the principal analyses, avoiding the problem of
“using the future to predict the future.” Patients with MCE:s in the
first year of the study were excluded from the analyses relating year
I or percent change at year 1 values to subsequent MCEs.

Age, sex, smoking at baseline, a history of hypertension, myocar-
dial infarction, and diabetes were included as covariates in all the
statistical models. Baseline lipid and apolipoprotein values were
included in the statistical models that assessed the relationship
between percent change in lipoprotein components at year 1 (which
is essentially independent of baseline) and MCEs but not in the
models that assessed the relationship between year 1 absolute
lipoprotein value (which is strongly correlated with the baseline
value) and MCEs. Logistic regression was used to estimate the
proportion of patients with MCEs as a function of baseline and year
1 lipoprotein components. The Cox proportional hazards model was
used to assess the relationship between lipoprotein values (baseline,
year 1, and percent change from baseline) and MCEs. This model
was compared with other potential models and previous studies in a
sensitivity analysis.

The relative importance of lipids in a pair was assessed by
selecting a primary and 2 secondary lipid from ail combinations of
total, LDL, and HDL cholesterols and triglycerides. Linear regres-
sion with the primary lipid value as the independent variable and the
secondary lipid value as the dependent variable provided the residual
of the secondary lipid, which was then included with the primary
lipoprotein in a Cox proportional hazards model. The significance of
the residual in this model indicated whether or not it added predictive
information.

All analyses were based on the intention-to-treat principle, and a
two-sided value of P<.05 was considered statistically significant.

Results

The frequency distribution of serum lipoprotein components
in the simvastatin group at baseline and at 1 year is shown in
Fig 1. There were no important differences in baseline values
between the two treatment groups. There were negative
correlations at baseline between HDL cholesterol and triglyc-
erides (r=—.40) and between LDL cholesterol and HDL
cholesterol (r=-—.22).

Following dietary advice provided at the recruitment visit,
patients fulfilling the entry criteria on average reduced their
serum total cholesterol level by 2.1% and increased their
triglyceride level by 2.9% between the recruitment and
randomization visits (=2 months apart). Fig 2 shows the
mean concentrations of serum lipoprotein components in the
placebo and simvastatin groups during the trial. At 6 weeks,
at which point all patients randomized to simvastatin were
taking 20 mg/d, there was a 28% reduction in serum total
cholesterol, a 38% reduction in LDL cholesterol, an 8%
increase in HDL cholesterol, and a 15% decrease in triglyc-
erides. The corresponding changes in the placebo group were
—1%, —1%. 0%. and 3%. Over the median 5.4-year fol-
low-up period, the mean reductions in the placebo and
simvastatin groups were serum total cholesterol, +1%,
~25%; LDL cholesterol, +1%, —34%; HDL cholesterol,
+1%, + 8%; triglycerides, +7%, —9%; apo A-I, —3%,
—3%; apo B, —3%. —27%; and total/HDL cholesterol ratio,
0%, —39%. respectively. Three quarters of the simvastatin-
treated patients had mean LDL cholesterol levels reduced
30% or more, and a quarter of the patients achieved reduc-
tions of >45%. Because the analyses are based on the
intention-to-treat principle, patients who discontinued study
therapy but continued to provide blood samples are included.
This contributes to the slight increases in serum total and
LDL cholesterol and in triglyceride levels in the simvastatin
group over the course of the study.
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Figure 1. Frequency distribution of baseline (@) and 1-year (A) lipoprotein component levels in the simvastatin group. To convert mmol/L to

mg/dL, multiply by 38.7 for cholesterol and 88 for triglycerides.

The study target of a total cholesterol level =5.2 mmol/L
(201 mg/dL) at 6 and 18 weeks on 20 mg simvastatin therapy
was reached in 1398 patients (63%) in the simvastatin group.
In the remainder, who tended to be less responsive to 20 mg
and have higher baseline LDL and total cholesterol levels
(Table 1), the dosage of simvastatin was increased to 40
mg/d. At | year, 77% of patients had total cholesterol
=5.2 mmol/L.

A total of 622 patients (28%) in the placebo group had one
or more MCEs, compared with 431 (19%) in the simvastatin
group (P<.0001). This end point included coronary death
(189 versus 111 in the placebo and simvastatin groups,
respectively). definite or probable nonfatal acute myocardial
infarction (418 versus 279). silent myocardial infarction (109
versus 90). resuscitated cardiac arrest (0 versus 1), and
myocardial infarction associated with invasive procedures
(mainly CABG) (25 versus 12). During the first year of
therapy the difference in MCEs was small (151 patients in the
placebo group and 131 in the simvastatin group). However,
from year 2 through year 6 of therapy, the risk of MCEs and
coronary deaths in the simvastatin group were reduced by
40% and 47% relative to the placebo group. respectively.

The relationships between baseline lipoprotein components
and MCE: in the two treatment groups are shown in Table 2.

7%0_0__0_4-—0--0/0—0—0_0/0 6[

In the placebo group. all lipids and ratios except apo A-I were
significantly related to MCE risk, especially non-HDL cho-
lesterol (P=.002), triglycerides (P=.007), and total choles-
terol/HDL cholesterol ratio(P=.008). In the simvastatin
group, the only significant relationships were with HDL
cholesterol (P=.026), apo B (P=.039), and the total choles-
tero/HDL cholesterol ratio (P=.009). The association of
baseline triglycerides with MCEs in the placebo group but not
the simvastatin group is illustrated in the logistic regression
plot shown in Fig 3.

The relationships between 1-year levels of lipoprotein
components in the simvastatin group and the subsequent
incidence of MCEs are shown in Table 3. Significant corre-
lations were observed for all lipoproteins except for triglyc-
erides, HDL cholesterol, and apo A-I. For example, a
1-mmol/L (38.7-mg/dL) reduction of serum total cholesterol
is associated with a 22.5% reduction in MCE risk (P=.0001).
Fig 4 shows the relationship between the 1-year levels of
LDL cholesterol in the placebo and simvastatin groups and
the subsequent incidence of MCEs.

The relationship between the percent change in serum
lipids from baseline to 1 year in the simvastatin group and the
reduction in risk of MCEs is shown in Table 4. For each
additional percentage point reduction in total cholesterol, the

6 Total Cholesterol W
5 4:

LDL Cholesterol

Figure 2. Mean levels of lipids in the pla-

= g |
E 4 2 3;&—0-.-—0—0—*"'*_“'/'/‘ cebo (O) and simvastatin (@) groups over
E 3 E the course of study. To convert mmol/L
2 to mg/dL, muiltiply by 38.7 for cholesterot
2 00— OO O—0-—0—0—0—0—0—0 and 88 for triglycerides.
q 1 o 3 i - - o
""" HoL Cholesterol Triglycerides

% 12 24 36 48 60 72 % 12 24
Month

36
Month

60 72

L m————




1456 4S Lipoprotein Changes and Coronary Events

TABLE 1. Mean Lipid Changes in Patients Taking 20 mg Simvastatin Throughout and in
Patients Titrated to 40 mg After 12 Weeks or 6 Months of Therapy

Baseline, 6 Weeks or Mean Change 12 Months, Mean Change from
mmot/L Pretitration, mmolA From Baseline, % mmolL Baseline, %
Patients taking 20 mg simvastatin throughout (n=1312)
TC 6.5 45 -30.7 47 —284
LDL-C 47 27 -414 29 -379
HDL-C 1.14 1.22 17 1.20 57
TG 1.5 1.2 -18.2 13 -17.0
Patients titrated to 40 mg simvastatin (n=722)
TC 71 5.7 -18.6 5.1 -27.0
LDL-C 5.1 37 -26.4 33 -35.8
HDL-C 1.25 1.35 8.9 1.29 5.2
TG 1.5 1.4 -6.5 12 -14.8

TC indicates total cholesterol; LDL-C, LDL cholesterol; HDL-C, HDL cholesterol; and TG, triglycerides. n=number

of patients with data at all time points in the table.

MCE risk was reduced by 1.9% (P=.00005). Changes in
LDL and HDL cholesterol both contributed to the reduction
in risk, but LDL cholesterol changes appear more important,
as is evident in the larger absolute regression coefficient and
lower P value. Fig 5 shows the modeled curvilinear relation-
ship between reduction in LDL cholesterol and reduction in
risk. According to the model, the incremental benefit became
progressively less as the LDL cholesterol reduction increased.
Reduction in triglycerides did not contribute to risk reduction.

Table 5 presents the results of the pairwise analysis of the
predictive value of lipids and apolipoproteins measured after
1 year for the risk of MCEs in the simvastatin group. All
lipids and apolipoproteins with the exception of triglycerides
and HDL cholesterol had statistically significant correlations
to risk when analyzed as a primary variable in pairs with other
lipids and apolipoproteins. Of the primary single lipids in the
model. LDL cholesterol had the regression coefficients with
the highest statistical significance. The contribution of the
secondary lipid to the prediction of risk was variable. For
example, with total cholesterol as the primary lipid, HDL
cholesterol provided additional predictive information
(P=.022). Conversely, with LDL cholesterol as the primary

lipoprotein component. none of the other lipids or apolipopro-
teins provided significant additional predictive information,
indicating that the LDL level at 1 year carries most of the
prognostic information. With LDL cholesterol level as a
primary variable. percent change in LDL cholesterol did not
provide significant residual information, but neither did LDL
cholesterol level when paired as a secondary variable with
percent change of LDL cholesterol. Therefore, it was not
possible to determine which of these highly correlated mea-
sures of efficacy is more important.

Several modifications of the Cox regression analysis were
performed to explore the robustness of the results. Table 6
contains results of the most commonly used alternative
analyses together with results from the Lipid Research
Clinics Study’ and Helsinki Heart Study® for comparison. The
estimates of the relationship between reduction in LDL and
reduction in MCEs was quite similar for all methods and
highly statisticallv significant. The HDL cholesterol-MCE
relationship was marginally significant for most analyses.
The 4S time-dependent analyses indicated a significant rela-
tionship between triglycerides and MCEs that was not seen in
the analyses based on year 1 data or in the other two studies.

TABLE 2. Relationship of Serum Lipoprotein Components at Baseline and Risk Reduction of MCEs According to Cox
Proportional Hazards Regression Models*

Risk Placebo, Risk Simvastatin, 95%

Variable Differencet Difference, % 95% Cl P Difference, % cl P
TC -1 mmoiL -14.0 -236t0 —3.2 013 -4.7 —-17.5 to 10.1 512
TG -1 mmol/L -17.6 —-28.5to —5.1 .007 0.5 -17.8 to 22.8 .965
HDL-C 0.1 mmol/L -3.1 -6.0t0 —0.2 .036 -40 -7.41t 0.5 026
LDL-C -1 mmolL -12.8 -2261t0 1.8 024 -11.0 -2301t0 28 113
Non-HDL-C ~1 mmol/L -16.4 -~25310 —6.5 .002 -104 —21.810 26 A
TCMDL-C -1 =71 -120to0 —1.9 .008 -8.3 ~14.210 —2.1 .009
Apo A-l 0.1 g1 -1.8 -551022 374 -36 -81101.2 139
Apo B =01 g/l -53 -93t0 -1.1 014 -5.1 -961t0 —03 039

Abbreviations as in Table 1. Apo indicates apolipoprotein.

*In each model, the covariates inciuded are sex, age, qualifying by myocardial infarction, smoking, hypertension, and diabetes.

TArtitrary units that do not represent the same fraction of the average level of each lipoprotein component. To convert mmol/L to mg/dL, multiply
by 38.7 for cholesterol and 88 for triglycerides.




45 - simvastatin e
..... pllOObO o

Percent of Patients with MCE
nN
0
T

.5 1.0 15 20 25 3.0
Triglycerides (mmot)

Figure 3. Relationship between baseline triglyceride levels
and MCEs with 95% Cls in the placebo and simvastatin
groups, adjusted for sex, age, history of myocardial infarc-
tion, smoking, hypertension, and diabetes. Points represent
the mean value for each quintile. To convert mmol/L to
mg/dL, muitiply by 88.

However, this effect was only about one third that of LDL
cholesterol in the time-dependent analyses.

Discussion

At baseline, 95% of patients had LDL cholesterol levels of
3.0 0 6.0 mmol/L (116 to 232 mg/dL). a range spanning
so-called normal as well as very high levels. In the placebo
group, all baseline lipoprotein components were clearly
related to the risk of subsequent MCEs. except for apo A-I
(Table 2). In the simvastatin group, the relationships between
baseline lipoproteins and MCEs were relatively weak, as we
have previously noted using a quartile analysis.’ This can be
attributed to the drug effect, which varies from patient to
patient, producing a redistribution of baseline lipid values
within a few weeks.

There is abundant evidence that serum and LDL choles-
terol are major risk factors for CHD,’~*? and current guide-
lines emphasize reduction of LDL cholesterol.>'*'* Epidemi-
ological studies have often associated high triglyceride levels
and CHD incidence, but the relationship tends to weaken or
disappear with multivariate analysis.'*'® This is largely a
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Figure 4. Relationship between LDL cholesterol levels at year 1
and subsequent risk of MCEs in the placebo and simvastatin
groups, with 95% Cls. Points represent the mean value for each
quintile. To convert mmol/L to mg/dL, multiply by 38.7.

consequence of the strong inverse relationship between the
levels of triglycerides and HDL cholesterol and between
HDL cholesterol level and CHD incidence." As a result, there
is a range of opinion on the role of elevated plasma triglyc-
erides in the pathogenesis of CHD: in North America it has
generally not been considered a major independent risk
factor," whereas in parts of Europe it is given more weight."”
Isolated hypertriglyceridemia may not increase CHD risk, but
there is evidence that it amplifies the risk in patients with high
LDL cholesterol and low HDL cholesterol,'” who tend to have
high levels of small, dense LDL cholesterol.'* The HDL
cholesterol level is determined partly by complex exchanges
of triglycerides and cholesterol esters between chylomicrons
and VLDLs and HDL,"” which could contribute to its strong
inverse relationship with CHD.

As shown in Tables 4 and 5, in the simvastatin group the
reductions in total. LDL, and non-HDL cholesterol and apo B
were all strongly related to risk reduction. Not only LDL but
also the denser fraction of VLDL (IDL) is atherogenic,"
consistent with the strong relationship between non-HDL
cholesterol (essentially LDL cholesterol plus VLDL choles-
terol) and risk in our study. The modeled relationships are not
linear (Figs 5A and 5B). The model estimates a 45%

TABLE 3. Relationship of Serum Lipoprotein Components in the Simvastatin
Group Measured After 1 Year of Therapy and the Subsequent Risk of MCEs
According to the Cox Proportional Hazards Regression Model*

Variable Differencet Risk Difference, % 95% Cl P
TC -1 mmol/L =225 -3191 -11.9 .0001
TG -1 mmolit -31 -2281021.7 .788
HOL-C 0.1 mmol/L =37 ~75% 03 07
LDL-C -1 mmol/L -27.8 -36.8t0 —17.6 <.00001
Non-HDL-C -1 mmolL ~249 -33.7t0 —-149 .00001
TCHDL-C -1 -17.6 -24310 -10.3 .00001
Apo A-l 0.1 gl -23 —-80103.7 445
Apo B -019L -88 -14.1 to -3.2 .0025

Abbreviations as in Table 1.

*In each modei, the covariates included are sex, age, qualffying by myocardial infarction, smoking,

hypertension, and diabetes.

tArbitrary units that do not represent the same fraction of the average level of each lipoprotein
component. To convert mmol/L to mg/dL, multiply by 38.7 for cholesterol and 88 for trigiycerides.
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TABLE 4. Relationship of 1% Decrease in Serum Lipoprotsin Components (Increase for HDL
Cholestero! and for Apo A-l) From Baseline to 1 Year in the Simvastatin Group and incidence
of MCEs According to a Cox Proportional Hazards Regression Model*

Risk Reduction (%)

Regression for Each Additional
Variable Coefficient SEM 1% Lipid Reduction 95% CI P
TC 0.0200 0.0047 1.9 (1010 2.8 .00005
TG 0.00187 0.0021 0.2 (—0.2 10 0.6) 37
HOL-C -0.00773 0.0037 -08 (0.1 0 1.5) 039
LDL-C 0.0169 0.0035 1.7 (1.0to 2.4) <.00001
Non-HDL-C 0.0166 0.0037 1.7 (0.9 to 2.4) 00001
TCHDL-C 0.0133 0.0029 13 (0810 1.9) <.00001
Apo A-l —0.00352 0.0051 -04 (—0.61t0 1.3) 487
Apo B 0.0109 0.0038 1.1 (0310 1.8) 004

Abbreviations as in Table 1.

“In each model, the covariates included are baseline value of the lipoprotein/apolipoprotein ratio, sex, age,
qualifying with myocardial infarction, smoking, hypertension, and diabetes.
The risk reduction for a lipid reduction of x% is given by the formula (¢"*—1)X100%, where r is the regression

coefficient.

reduction in MCEs for a 35% reduction in LDL, which is
close to the 40% reduction in MCEs observed in years 2
through 6 of the study. There was a weaker relationship
between HDL cholesterol increase and risk reduction and no
significant relationship for triglycerides and apo A-I. There
was a small effect of triglycerides in the time-dependent
analyses, which may be attributable to the reduced variability
of serum triglycerides when averaged over time, compared
with the single measurement at year | in the principal
analysis. Also, triglyceride-rich lipoproteins could affect
short-term risk (for example, through an effect on thrombo-
genesis) rather than the long-term atherosclerotic process per
se. However, triglyceride reduction is at most a minor
contributor to MCE reduction in the 4S population. Whether
lirger and more consistent effects occur in patients with
serum triglycerides higher than the 2.5 mmol/L (220 mg/dL)
4S8 cutoff remains to be demonstrated.

Analogous analyses in the Lipid Research Clinics Primary
Prevention Trial (LRC-CPPT)’ and the Helsinki Heart Study?
produced relationships generaily similar to those observed in
4S8, except for the greater effect of changes in HDL choles-

terol in the Helsinki Heart Study. In both trials, the number of
end points were relatively few and the observed changes in
LDL cholesterol were modest. In the Helsinki Heart Study,’
there was a large reduction (35%) in serum triglycerides, but
as in 48, it did not predict CHD events.

We have previously reported that the relative risk reduction
produced by simvastatin is independent of the baseline LDL
cholesterol level.’ There is also no evidence in 4S for any percent
reduction or on-treatment threshold level below which further
lipid lowering is futile. In the Post Coronary Artery Bypass Graft
Trial, reducing mean LDL cholesterol levels to <100 mg/dL
(2.6 mmol/L) retarded the progression of atherosclerosis in
grafts more than less aggressive lipid lowering. Current Us
guidelines recommend a reduction of LDL cholesterol in CHD
patients to <100 mg/dL (2.6 mmol/L).** This level was
reached (at 1 year) by 23% of the patients in 4S (a low
percentage reflecting the study goal of total cholesterol
<5.2 mmoV/L [201 mg/dL}, the submaximal average dose of 27
mg/d, and the high baseline LDL cholesterol). Our results are
consistent with the continuous relationship between serum cho-
lesterol and CHD mortality'! and the rarity of coronary disease

Figure 5. Modeled relationship between
MCE risk reduction after year 1 and (A) LDL
cholesterol percent reduction at year 1 and
(B) absolute change in LDL cholesterol at
year 1. The lighter curves define the 85% Cl.
To convert mmol/L to mg/dL, multiply by
38.7.
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TABLE 5. Residual Risk Information of Secondary Lipids to
MCEs in the Simvastatin Group: Cox Proportional Hazards
Mode! Using 1-Year Values

Significance of
Partial Correlation Partial Correlation

Primary Lipid* Secondary Lipidt Coefficient Coefficient, P
TC HDL-C -0.035 022
LDL-C 0.044 .004
TG -0.013 .390
TG/HDL-C 0.041 007
HDL-C TC 0.064 .00003
LoL-C 0.070 <.00001
TG -0.005 744
TCHDL-C 0.066 .00001
LDL-C 1C -0.022 154
HDL-C -0.018 232
TG -0.006 681
TCHDL-C 0.022 a4
LDL-C % change 0.014 .359
LDL-C % change LDL-C 0.027 .081

Abbreviations as in Table 1. The partial correlation coefficient represents the
residual information provided by the secondary lipid.

*The primary lipid comelations include all information for that lipid pius ail
information shared between the primary and secondary lipids.

tThe secondary lipid provides a measure of the residual information,
independent of the primary lipid.

in populations with very low serum cholesterol levels, even
when other risk factors are prevalent.??' In contrast, the authors
of the Cholesterol and Recurrent Events (CARE) study con-
cluded that there was no effect of pravastatin therapy in patients
with baseline LDL cholesterol <125 mg/dL (3.2 mmol/L).2
However, the 95% ClI in this subgroup included a risk reduction
of up to 23%. The risk of misinterpretation of results in small
subgroups that appear to be different from those of the study as
a whole is well known.”
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Because 4S was designed to test the hypothesis that
lowering serum cholesterol reduces mortality and not to
provide answers to the questions addressed in this report, the
rigorous methods used for the original analysis could not be
applied. Although our data are drawn from a randomized,
placebo-controlled trial, the conclusions in this paper derive
from within-group analyses, as opposed to comparison of
randomized groups. Although we attempted to correct for
factors associated with risk (age, sex, smoking history,
hypertension, and diabetes), our analyses could have been
influenced by other unknown factors (as is typically the case
in observational studies). In addition, even though there were
1053 patients with MCEs (774 with the first MCE in years 2
through 6), these may still have been insufficient to detect all
meaningful correlations.

The analyses presented in this report were not predefined;
rather, they were selected from a large number of exploratory
analyses of the relationship between lipoprotein levels and
risk. We tried to identify methods that were simple, conser-
vative, and least likely to be confounded, but ultimately our
choices were a matter of judgment. As shown in Table 6,
there are several altenative methods that could have been
used, but none improved the robustness of the results. In
some alternative analyses, even minor modification of the
methods used introduced marked changes in coefficients and
significance levels. On the other hand, LDL cholesterol
percent change and year 1 value in the simvastatin group
correlated consistently with MCE risk reduction by several
different analytic methods.

Despite the limitations discussed above, our conclusions
are generally consistent with epidemiological data,'"** other
intervention studies,”® and meta-analyses.”>*’ However, ran-
domized trials are needed to confirm them. For example, our
main conclusion that greater reduction in LDL cholesterol
should further reduce coronary risk will be tested in a new
trial in the United Kingdom. This study (SEARCH) will
randomize post-MI patients to simvastatin 20 or 80 mg/d, the

TABLE 6. Sensitivity Analysis: Relationship Using Various Statistical Techniques Between a 1% Change in Lipoprotsins in the
Simvastatin Group in 4, the Cholestyramine Group in LRC-CPPT,” and the Gemfibrozil Group in the Helsinki Heart Study,” and the

Reduction in the Risk of MCEs

Baseline LDL Cholesterol HDL Cholesterol Triglycerides
Lipid in % Risk Reduction % Risk Reduction % Risk Reduction
Model? (95% CI) P (95% CI) P (95% CI) P
Statistical model
Year 1 percent change No -16(—-22t-09  <.00001 -0.6(-1.3t0.1) 100 -02(—061t0.2) 355
Yes* -1.7(-2410-1.00 <.00001 ~08(-15t-01) .039 -02(-06t0.2) 373
Time-dependent Cox No -1.9(-27t0-1.2)  <.00001 -05(-1.31%0.2) 74 -06(-1.0t0-02) .006
proportional hazardt Yes -23(-30t 15  <.00001 -09(-1.7t0-01) 025 -07(-1.2t%0-03) .002
Time-dependent Cox No -1.5(-221t0 ~0.8) 00002 -04(-1.1100.3) 223 -06(-09t-0.2) .002
with values in previous 2 years onlyt  Yes -17(-24t0-1.00 <.00001 -08(-15t-01) 040 -06(-1.0t0-03 .001
Other studies
LRC-CPPT Yes -1.9(-3.0t0 -0.8) 00075 —1.1(-2.4100.1) 070 -0.1(-06t00.3) .529
Heisinki Heart Study Yes -23(—4.410-0.1) .040 -3.1(-5410-08) 008 -05(—1.4t004) 275
*The model used for this article.

tincludes events that occurred in the first year.
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larger dose producing an average reduction in LDL choles-
terol of 47%.%
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