E D I T O R I A L

The Scandinavian Simvastatin Survival
Study (4S) Subgroup Analysis of Diabetic
Subjects: Implications for the Prevention
of Coronary Heart Disease

N

IDDM is associated with a marked
increase in coronary heart disease
(CHD) (1). Reasons for the increased
CHD risk in NIDDM are clearly multifactorial (2,3)- In this commentary, I will focus
on lipoproteins and their treatment in
NIDDM.
Subjects with NIDDM have increased
triglyceride levels and decreased HDL cholesterol levels relative to those in nondiabetic subjects (4). Increased triglyceride
and decreased HDL cholesterol levels are
also found before the onset of clinical diabetes (5), suggesting that these abnormalities are related to insulin resistance as well
as to hyperglycemia. Although the absolute
concentration of LDL cholesterol is similar
in NIDDM and normoglycemic subjects
(4), those with NIDDM have more smalldense LDL than nondiabetic subjects (6).
To summarize observational studies,
while few data are available for HDL cholesterol, it may be a powerful predictor of
CHD in NIDDM subjects (7). Both total
cholesterol (8,9) and triglyceride (8,10) levels are significant predictors of CHD in
NIDDM subjects. Total triglyceride may be
a more powerful predictor of CHD than
total cholesterol in NIDDM subjects (7,10);
however, observational studies may not be
reliable guides to clinical practice, since
associations may not predict the effectiveness of interventions. In particular, triglyceride level is much more strongly
associated with insulin resistance (11) than
is total cholesterol, and in turn, insulin
resistance is correlated with other risk factors such as PAI-1 (plasminogen activator
inhibitor 1) and perhaps hypertension.
Thus, it is possible that hypertriglyceridemia is a better predictor because it is a
better marker of risk. Clinical trials are necessary to resolve this issue.
Improvement of glycemic control with
insulin markedly reduces hypertriglyceridemia in NIDDM subjects (12), but it
may have only modest effects on HDL and
LDL levels. Improved glycemic control is the
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treatment offirstchoice for elevated triglyceride levels in diabetic subjects. In general,
hydroxymethylglutaryl coenzyme A (HMGCoA) reductase inhibitors have been preferred to reduce LDL cholesterol levels and
fibric acids to markedly reduce hypertriglyceridemia in diabetic subjects (13). Of
particular note is that lovastatin at a dose of
40 mg reduced triglyceride levels by 30%
(14) in NIDDM subjects with elevated
triglyceride levels (~300 mg/dl at baseline),
suggesting that HMG-CoA reductase
inhibitors may be the drugs offirstchoice to
treat combined hyperlipidemia (elevation of
both VLDL and LDL) in subjects with moderate hypertriglyceridemia (after achievement of good glycemic control).

a prior myocardial infarction). Diabetic subjects with a prior myocardial infarction thus
fall into a group with very high risk for
future disease. Simvastatin therapy in diabetic subjects reduced the risk of CHD to
that in the nondiabetic group given placebo.
The third key observation is that in
NIDDM subjects, simvastatin was effective
in each of the lipid subgroups examined.
Indeed, simvastatin appeared to be possibly
more effective in subjects with initially low
HDL cholesterol and/or high triglyceride
levels. However, the latter statement is limited by the exclusion of subjects with very
high triglycerides noted above. (On the
other hand, most diabetic subjects in the
U.S. have triglyceride levels that fall into the
range studied in the 4S.) Thus, at least in
diabetic subjects with CHD, aggressive LDL
CLINICAL TRIALS— The Scandina- lowering appears to be very beneficial.
vian Simvastatin Survival Study (4S) was a
Recently, limited data on diabetic subcholesterol-lowering trial of simvastatin in jects with clinical CHD have been pub4,444 subjects with clinical CHD followed lished from the Cholesterol and Recurrent
for an average of 5.4 years (15). Subjects in Events (CARE) study (17). In this study, the
this study had relatively high LDL choles- average LDL cholesterol was 139 mg/dl
terol at baseline (—185 mg/dl); subjects and the upper limit of plasma triglyceride
with a triglyceride level >2.5 mmol/1 (220 was 350 mg/dl. In 586 subjects with diamg/dl) were excluded. In this issue, the betes, 40 mg pravastatin was associated
investigators present the results of subgroup with a 25% decrease in CHD (P = 0.05),
analyses in the 202 diabetic subjects who which was similar to the 23% decrease
participated in the 4S (16). This is a land- observed in nondiabetic subjects (P <
mark study for a number of different rea- 0.001). Further interpretation must await
sons. The investigators are the first to show the publication of a full report of results in
that treatment of dyslipidemia in diabetic diabetic subjects. Overall mortality and
subjects significantly decreases the risk of lipid changes have not yet been reported in
CHD (P = 0.002). Particularly impressive is the diabetic subgroup. The percentage
the magnitude of reduction in risk of CHD reduction in CHD in the CARE study
(55%) in diabetic subjects, which is actually (25%) was considerably less than that in
greater than that in nondiabetic subjects the 4S study. The investigators hypothe(32%). Although the reduction in overall sized that the benefit is less in subjects
mortality was not quite statistically signifi- with low LDL levels at baseline (<125
cant (43%) (P = 0.087), it too was greater mg/dl) in the overall group, but this reprethan that in nondiabetic subjects (28%).
sents a post hoc analysis. The lesser effecA second important implication of the tiveness in reducing CHD in the CARE
4S subgroup analyses is the 2.5-fold higher study could also have been due to less LDL
risk of CHD in diabetic subjects compared lowering (28% [overall CARE group] vs.
with nondiabetic subjects (who are already 35% [4S]). In spite of these uncertainties,
at high risk of CHD by virtue of having had the CARE study also supports the effec469
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tiveness of LDL lowering in diabetic subjects with clinical CHD.

CAN THE 4S DATA BE APPLIED
TO DIABETIC SUBJECTS
WITHOUT CLINICAL CHD? —
Although no study of LDL lowering by
HMG-CoA reductase inhibitors in diabetic
patients without clinical CHD currently
exists, pravastatin therapy has shown
significant reductions of CHD in nondiabetic subjects with hypercholesterolemia
and without previous CHD in the West of
Scotland Study (18).
In the Helsinki Heart Study, gemfibrozil
was associated with a significant reduction
in CHD events in nondiabetic subjects free
of CHD at baseline, especially in those with
elevated triglyceride levels and lower HDL
cholesterol levels (19). There was no effect
of gemfibrozil on overall mortality A total of
135 subjects had diabetes at baseline (20).
In these subjects, gemfibrozil reduced the
risk of CHD by 60%, although this result
was not statistically significant. Overall mortality was not reported separately for diabetic subjects. In the posttrial follow-up,
there was a nonsignificant increase in noncardiovascular mortality in subjects who
were randomized to gemfibrozil, such that
at 8.5 years there was an excess overall
mortality of 20% (21); this difference narrowed but did not disappear at 10 years (5
years after completion of the trial). The controversial effect of gemfibrozil on overall
mortality is in sharp contrast to the overall
mortality data on HMG-CoA reductase
inhibitors, where there has clearly been a
decrease (15,17,18), the most striking being
in the 4S (15).
Since strong evidence suggests that
aggressive lipid lowering might reduce the
rate of CHD in diabetic subjects who have
had a CHD event, one could make an argument that perhaps lipid therapy should be
deferred until after diabetic subjects have
had a CHD event. However, diabetic subjects who develop CHD have a worse prognosis than nondiabetic subjects who have
had a clinical event (22). Moreover, if one
includes the prehospital mortality (sudden
death), the case fatality rate from onset of
clinical symptoms through 1 year is 49% in
diabetic men and 44% in diabetic women in
a preliminary report from Finland (23). The
latter study suggesting very high early mortality implies that all diabetic subjects should
receive aggressive lipid lowering even if they
have not experienced a CHD event.
470

The National Cholesterol Education
Since few data are available on primary
Program (NCEP) Adult Treatment Panel II prevention of CHD in NIDDM subjects, this
(24) suggests targets for LDL lowering that remains an appropriate area for clinical trials.
are geared to the degree ofrisk.For subjects Trials with HMG-CoA reductase inhibitors
with established CHD, the goal is to achieve should be conducted comparing the conan LDL cholesterol level <100 mg/dl, ventional NCEP Adult Treatment Panel II
whereas for high-risk primary prevention, recommendations (LDL <130 mg/dl) verthe goal is to achieve an LDL cholesterol sus treatment to goals for CHD (LDL <100
level of ^130 mg/dl and for low-risk pri- mg/dl). A study addressing this question
mary prevention, the goal is 160 mg/dl. The should perhaps have the highest priority at
presence of two or more "risk factors" this time. These trials should try to enroll
defines high risk, and diabetes counts as a new NIDDM subjects, since NIDDM subsingleriskfactor in this algorithm. However, jects with a long duration of diabetes could
the NCEP panel report suggests that diabetic represent a selected group of survivors who
women may be at as high a risk for CHD as may benefit less from lipid lowering.
are diabetic men. The panel further suggested that diabetic subjects might be treated
as though they had CHD (goal: LDL <100 SUMMARY: STRATEGIES FOR
mg/dl). I believe that the latter recommen- REDUCTION OF CHD— The sub
dation is strongly supported by the high group analysis in diabetic subjects in the 4S
case fatality rate in diabetic men and women is a landmark study (16) because it is the
(23) together with the efficacy of LDL low- first to show that modification of lipoproering in the 4S diabetic subjects (16).
teins will significantly reduce the incidence
of recurrent myocardial infarction. On the
basis of the 4S data (16), aggressive lowering
of LDL cholesterol should be applied to diaWHAT FURTHER CLINICAL
betic as well as nondiabetic subjects with
TRIALS OF LIPID LOWERING
IN NIDDM SUBJECTS SHOULD clinical CHD. Because the case fatality rate in
BE D O N E ? — On the basis of the 4S diabetic subjects with a myocardial infarc(16) and CARE (18), further placebo-con- tion is very high (22,23), aggressive lipid
trolled trials of lipid lowering by HMG-CoA lowering should be extended to diabetic
reductase inhibitors in NIDDM subjects subjects who have yet to experience a cliniwith clinical CHD should not be initiated. cal event. A reasonable goal suggested by the
Although these conclusions are based on NCEP (24) is an LDL level <100 mg/dl.
subgroup analyses of two major clinical tri- These recommendations should not be
als, the observation that the benefits are at taken to exclude other modalities, such as
least as great in diabetic as in nondiabetic improved glycemic control, which has been
subjects makes further such studies unwar- related to reduced microvascular events
(8,25) and possibly reduced macrovascular
ranted.
events
(25,26) in NIDDM subjects and has
It would still be acceptable to do studies of titration to various levels of LDL by been associated with reductions in triglycHMG-CoA reductase inhibitors in diabetic eride levels (12). Primary prevention of
subjects with CHD (e.g., LDL of 100 mg/dl NIDDM is also important because there is
vs. 60-80 mg/dl). Because the previous tri- evidence of increased cardiovascular risk
als (16,17) have excluded diabetic subjects before the onset of NIDDM (5).
with marked hypertriglyceridemia (>350
mg/dl), this is an area where clinical trials
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with HMG-CoA reductase inhibitors or fibric acids might continue. Since definitive trials offibricacids have not been carried out From the Department of Medicine, University of
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the standard of care in diabetic subjects
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