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ABSTRACT

BACKGROUND Levels of atherogenic lipoproteins achieved with statin therapy are highly variable, but the

consequence of this variability for cardiovascular disease risk is not well-documented.

OBJECTIVES The aim of this meta-analysis was to evaluate: 1) the interindividual variability of reductions in low-

density lipoprotein cholesterol (LDL-C), non–high-density lipoprotein cholesterol (non-HDL-C), or apolipoprotein B

(apoB) levels achieved with statin therapy; 2) the proportion of patients not reaching guideline-recommended lipid levels

on high-dose statin therapy; and 3) the association between very low levels of atherogenic lipoproteins achieved with

statin therapy and cardiovascular disease risk.

METHODS This meta-analysis used individual patient data from 8 randomized controlled statin trials, in which con-

ventional lipids and apolipoproteins were determined in all study participants at baseline and at 1-year follow-up.

RESULTS Among 38,153 patients allocated to statin therapy, a total of 6,286 major cardiovascular events occurred

in 5,387 study participants during follow-up. There was large interindividual variability in the reductions of LDL-C,

non-HDL-C, and apoB achieved with a fixed statin dose. More than 40% of trial participants assigned to high-dose statin

therapy did not reach an LDL-C target <70 mg/dl. Compared with patients who achieved an LDL-C >175 mg/dl, those

who reached an LDL-C 75 to <100 mg/dl, 50 to <75 mg/dl, and <50 mg/dl had adjusted hazard ratios for major car-

diovascular events of 0.56 (95% confidence interval [CI]: 0.46 to 0.67), 0.51 (95% CI: 0.42 to 0.62), and 0.44 (95% CI:

0.35 to 0.55), respectively. Similar associations were observed for non-HDL-C and apoB.

CONCLUSIONS The reductions of LDL-C, non-HDL-C, and apoB levels achieved with statin therapy displayed large

interindividual variation. Among trial participants treated with high-dose statin therapy, >40% did not reach an LDL-C

target <70 mg/dl. Patients who achieve very low LDL-C levels have a lower risk for major cardiovascular events than do

those achieving moderately low levels. (J Am Coll Cardiol 2014;64:485–94) © 2014 by the American College of

Cardiology Foundation.
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T here is a wealth of evidence that
high-dose statin therapy reduces
both levels of atherogenic lipopro-

teins and cardiovascular disease (CVD) risk
beyond that achieved with usual-dose statin
therapy (1). However, the evidence on the ef-
ficacy of statin therapy is interpreted on the
basis of mean reductions of low-density lipo-
protein cholesterol (LDL-C) and mean reduc-
tions of CVD risk within randomized trials.
There is large interindividual variation in
the extent of reduction of atherogenic lipo-
protein levels achieved with statin therapy.
Post-hoc analyses of randomized trials sug-
gest that the benefits of statin therapy depend

on the extent of achieved LDL-C reduction (2,3). In
addition, patients achieving very low LDL-C levels
have been shown to be at very low CVD risk, although
the number of patients achieving such very low levels
in any given single trial is usually small (4–6).

The guideline-recommendedmarker of atherogenic
lipoproteins is LDL-C, but we have recently shown that
among patients treated with statin therapy, non–high-

density lipoprotein cholesterol (non-HDL-C) and
apolipoprotein B (apoB) are at least as strongly
associated with CVD risk (7). Current guidelines
consider the target LDL-C level to be in the range of
70 to 130 mg/dl, but observational evidence suggests
that this range might be too conservative. Interest-
ingly, novel lipid-lowering therapies, including
mipomersen and inhibitors of proprotein convertase
subtilisin/kexin 9 (PCSK9), may allow the majority of
patients to reach LDL-C levels <70 mg/dl (8–10).
However, it is unclear whether pharmacological in-
terventions resulting in atherogenic lipoprotein
levels in this anticipated treatment range are bene-
ficial in terms of CVD risk.

It was therefore our objective with this study to
assess: 1) the variability of LDL-C, non-HDL-C, and
apoB reduction achieved with established statin
therapy; 2) the proportion of patients not reaching
guideline-recommended LDL-C, non-HDL-C, or apoB
levels despite being treated with high-dose statin
therapy; and 3) the association between achieved
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ABBR EV I A T I ON S

AND ACRONYMS

apo = apolipoprotein

CHD = coronary heart disease

CVD = cardiovascular disease

HDL-C = high-density

lipoprotein cholesterol

LDL-C = low-density

lipoprotein cholesterol

MI = myocardial infarction

non-HDL-C = non–high-density

lipoprotein cholesterol

PCSK9 = proprotein

convertase subtilisin/kexin 9
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