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Abstract

Objectives—To evaluate (1) the inter-individual 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 CVD risk.

Background—Levels of atherogenic lipoproteins achieved with statin therapy are highly 

variable, but the consequence of this variability for cardiovascular disease (CVD) risk is not well 

documented.

Methods—Meta-analysis of individual patient data from 8 randomized controlled statin trials in 

which conventional 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 

inter-individual variability in the reductions of LDL-C, non-HDL-C and apoB achieved with a 

fixed statin dose. Over 40% of trial participants assigned to high-dose statin therapy did not reach 

an LDL-C target below 70 mg/dL. Compared to patients who achieved an LDL-C > 175 mg/dL, 

those who reached an LDL-C 75-100 mg/dL, 50-75 mg/dL and < 50 mg/dL had adjusted hazard 

ratios for major cardiovascular events of 0.56 (95%CI 0.46-0.67), 0.51 (95%CI 0.42-0,62) and 
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0.44 (95%CI 0.35-0.55), respectively. Similar associations were observed for non-HDL-C and 

apoB.

Conclusions—The reduction of LDL-C, non-HDL-C and apoB levels achieved with statin 

therapy displays large inter-individual variation. Among trial participants treated with high-dose 

statin therapy, over 40% do not reach an LDL-C target <70 mg/dL. Patients who achieve very low 

LDL-C levels have a lower risk of major cardiovascular events than those achieving moderately 

low levels.

Keywords

LDL-cholesterol; Non-HDL-cholesterol; Apolipoprotein B; Meta-analysis

Introduction

There is a wealth of evidence that high-dose statin therapy reduces both levels of 

atherogenic lipoproteins and cardiovascular disease (CVD) risk beyond that achieved with 

usual-dose statin therapy.1 However, the interpretation of evidence on the efficacy of statin 

therapy is based on average LDL-C reductions and average reductions of CVD risk within 

randomized trials. There is large inter-individual variation in the extent of reduction of 

atherogenic lipoprotein levels achieved with statin therapy. Post-hoc analyses of randomized 

trials suggest 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.4,5,6

The guideline-recommended marker of atherogenic lipoproteins is low-density lipoprotein 

cholesterol (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. Interestingly, 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 below 70 mg/dL.8,9,10 However, it is unclear 

whether pharmacological interventions resulting in atherogenic lipoprotein levels in this 

anticipated treatment range are beneficial in terms of CVD risk.

It was therefore our objective to assess (1) the variability of LDL-C, non-HDL-C or 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 very low LDL-C, 

non-HDL-C or apoB levels and risk of major cardiovascular events. We addressed these 

objectives by performing a meta-analysis of large randomized controlled statin trials in the 

setting of both primary and secondary prevention.
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Methods

Study eligibility and data collection

The methods of this meta-analysis have been described previously.7 The literature was 

searched to identify all randomized controlled trials that assigned study participants in at 

least 1 of the study groups to statin therapy, and that measured total cholesterol, LDL-C, 

high-density lipoprotein cholesterol (HDL-C), triglycerides, and apolipoproteins at baseline 

and during statin therapy in the entire study population. Trials with a mean follow-up for 

cardiovascular events shorter than 2 years and those including fewer than 1000 participants 

were excluded. The literature search was undertaken in PubMed using the following search 

terms: statin, hydroxymethylglutaryl coenzyme A reductase inhibitor, simvastatin, 

lovastatin, fluvastatin, pravastatin, atorvastatin, rosuvastatin, cholesterol, apolipoprotein, 

coronary heart disease, coronary artery disease and cardiovascular disease. The results were 

limited to randomized trials and English language. The first search was performed on 

January 4, 2009, and the updated search until December 31, 2011, was performed on 

January 20, 2012. Two authors (B.J.A. and S.M.B.) independently screened all abstracts for 

randomized controlled trials fulfilling the inclusion criteria. If an abstract described a 

subanalysis of a potentially relevant trial, the original publication was traced. Results were 

compared and inconsistencies were resolved by consensus.

Investigators were contacted and asked to provide individual patient data. The requested 

patient characteristics included sex, age, smoking status, body mass index, diabetes mellitus, 

systolic and diastolic blood pressure, fasting glucose, total cholesterol, LDL-C, HDL-C, 

triglycerides, and apolipoprotein A-I and B at baseline and at 1-year follow-up, study 

medication, and patient history of stable coronary heart disease (CHD), myocardial 

infarction, percutaneous coronary intervention, or coronary artery bypass grafting. The 

following outcomes (and time to event) were also collected: fatal and nonfatal myocardial 

infarction, fatal other CHD, hospitalization for unstable angina, fatal and nonfatal stroke, 

fatal and nonfatal hemorrhagic stroke, peripheral artery disease, and congestive heart failure. 

Data were harmonized into a pooled database and this database was independently validated 

against the original files. Quality of the included trials was assessed by the Delphi score.11 

This meta-analysis followed the Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses (PRISMA) guidelines, and a checklist was provided at the time of 

manuscript submission.12

Lipids, apolipoproteins, statins and outcome definition

Lipid and apolipoprotein levels at baseline and at 1-year follow-up were obtained from the 

participating trials. For on-statin measurements, the 1-year time point was chosen because 

this was the first uniform time point when apolipoproteins were measured in all participating 

trials. Cholesterol levels reported in mmol/L were converted to mg/dL by multiplying by 

38.7, and triglycerides levels reported in mmol/L were converted to mg/dL by multiplying 

by 88.5. High-dose statin therapy was defined as either atorvastatin 80 mg or rosuvastatin 20 

mg. Usual-dose statin therapy was defined as all other statin dosing regimens. The primary 

outcome of this meta-analysis was time to first major cardiovascular event, which was 

defined as fatal or nonfatal myocardial infarction, fatal other CHD, hospitalization for 
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unstable angina, and fatal or nonfatal stroke. Additional analyses were performed for the 

prediction of time to first major coronary events (fatal or nonfatal myocardial infarction, 

fatal other CHD, and hospitalization for unstable angina) and time to first major 

cerebrovascular event (fatal or nonfatal stroke).

Statistical analysis

Baseline characteristics, levels of lipids and apolipoproteins at baseline and at 1-year, as 

well as absolute changes and percentage changes between on-trial and baseline levels were 

calculated for each trial separately. The distributions of percentage LDL-C, non-HDL-C or 

apoB reduction were displayed in waterfall plots for several examples of statin trial arms 

with a fixed dose increase, as well as for an example of patients enrolled in a placebo arm to 

represent the natural variability of these parameters. In order to limit the effect of potential 

outliers, patients with levels beyond 5 standard deviations of the mean were excluded. The 

proportion of study participants not achieving an on-trial LDL-C level of 100 mg/dL and 70 

mg/dL was calculated among those randomized to high-dose statin therapy in one of the 

included trials. Similar proportions were calculated for the non-HDL-C targets 130 mg/dL 

and 100 mg/dL, and for the apoB targets 100 mg/dL and 80 mg/dL. The association between 

on-statin achieved levels of LDL-C, non-HDL-C or apoB and risk of cardiovascular events 

was evaluated using Cox proportional hazards models. For these analyses, study participants 

allocated to placebo were excluded. Hazard ratios (HR) and corresponding 95% confidence 

intervals (95%CI) for the risk of cardiovascular events were calculated by categories of 

achieved LDL-C, non-HDL-C or apoB level, using the highest category as reference. The 

cut-off values between LDL-C categories were chosen to be 25 mg/dL, with subsequent 

increments of 25 mg/dL. We also specifically tested whether the risk of major 

cardiovascular events was lower among patients achieving very low LDL-C levels (< 50 

mg/dL) compared to those achieving moderately low levels (75-100 mg/dL). Equivalent 

analyses using LDL-C cut-offs 50, 70, 100, 130, 160 and 190 mg/dL were also performed, 

as well as using non-HDL-C cut-offs 30 mg/dl higher. Analyses were adjusted for sex, age, 

smoking (current vs not), diabetes mellitus, systolic blood pressure, HDL-C and trial. 

Analyses were not additionally adjusted for prevalent CHD since all trials enrolled either 0% 

or 100% patients with prevalent disease, so adjustment for trial implies adjustment for 

prevalent CHD. It should however be noted that prevalent CHD as an inclusion criterion was 

documented less rigorously in some trials than in other trials. Separate analyses were 

performed for the outcomes major cardiovascular events, major coronary events, major 

cerebrovascular events, and hemorrhagic stroke.

Statistical heterogeneity across trials was quantified using the Cochran Q statistic and I2 

statistic. The I2 statistic is derived from the Q statistic ([Q−df/Q]*100) and provides a 

measure of the proportion of the overall variation attributable to between-study 

heterogeneity.13 The potential for publication bias was addressed by drawing funnel plots 

and visual assessment. Proportionality of hazards over time was graphically checked by 

plotting the cumulative hazards over time for all categories against each other. A two-tailed 

p-value of less than 0.05 was considered statistically significant. Statistical analyses were 

performed using SPSS (version 20.0).
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Results

The results of the literature search are shown in Supplementary Figure 1, and have been 

published previously.7 Briefly, 8 trials fulfilled all inclusion criteria: the Scandinavian 

Simvastatin Survival Study (4S),14 the Air Force/Texas Coronary Atherosclerosis 

Prevention Study (AFCAPS-TexCAPS),15 the Long-term Intervention with Pravastatin in 

Ischaemic Disease (LIPID) trial,16 the Collaborative Atorvastatin Diabetes Study 

(CARDS),17 the Treating to New Targets (TNT) trial,18 the Incremental Decrease in 

Endpoints through Aggressive Lipid Lowering (IDEAL) trial,19 the Stroke Prevention by 

Aggressive Reduction in Cholesterol Levels (SPARCL) trial,20 and the Justification for the 

Use of Statins in Prevention: an Intervention Trial Evaluating Rosuvastatin (JUPITER).21 

Individual patient data were obtained from all 8 trials, with the exception of hemorrhagic 

stroke which was not available for the 4S and AFCAPS-TexCAPS trials. Study 

characteristics of these 8 trials are shown in Supplementary Table 1. Trials were of high 

quality with a median Delphi score of 9 (range 6-9). Heterogeneity between trials with 

regard to the association with risk of major cardiovascular events was low for LDL-C 

(Q=6.94, P=0.4, I2=0%), non-HDL-C (Q=6.05, P=0.53, I2=0) and apoB (Q=9.55,P=0.2, 

I2=26%), as reported previously.7 Visual assessment of funnel plots did not suggest strong 

evidence for bias. The proportionality assumptions were satisfied.

Baseline characteristics and events

Baseline characteristics of the study participants are shown in Supplementary Table 2. 

Levels of lipids and apolipoproteins at baseline and at 1-year on-trial, as well as the absolute 

and percentage changes between baseline and on-trial levels are shown in Supplementary 

Table 3. A total of 38,153 study participants were randomized to a statin arm and had a 

complete set of lipid and apolipoprotein levels during statin treatment available. During 

155,573 person-years follow-up, 158 (0.4%) study participants developed a fatal myocardial 

infarction and 1,678 (4.4%) developed a non-fatal myocardial infarction. Fatal other CHD 

occurred in 615 study participants (1.6%) and fatal or nonfatal stroke occurred in 1,029 

study participants (2.7%). A total of 2,806 participants (7.4%) were hospitalized for unstable 

angina. A total of 5,387 study participants (14.1%) developed at least one major 

cardiovascular event. Of these, 4,577 experienced 1 event, 728 experienced 2 events, 75 

experienced 3 events, and 7 experienced 4 events.

Inter-individual variation of LDL-C, non-HDL-C and apoB reduction

Waterfall plots of the distribution of percentage LDL-C reduction (1-year minus baseline 

divided by baseline levels) achieved in various trials are shown in Figure 1. Displayed are 

typical examples for the initiation of usual-dose statin therapy (patients assigned to 

pravastatin 40 mg in the LIPID trial, n=3,936, plot A), the initiation of high-dose statin 

therapy (patients assigned to rosuvastatin 20 mg in the JUPITER trial, n=7,783, plot B), a 

dose increase from usual-dose to high-dose statin (patients increased dose from atorvastatin 

10 mg to 80 mg in the TNT trial, n=4,636, plot C), and patients not treated with statin 

therapy (patients enrolled in the placebo arm of the AFCAPS-TexCAPS trial, n=2,802, plot 

D). The corresponding examples for non-HDL-C reduction and apoB reduction are shown in 

Supplementary Figures 2 and 3. These waterfall plots display a large inter-individual 
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variation with regard to the reductions in LDL-C, non-HDL-C and apoB achieved with a 

fixed-dose statin regimen.

Figure 2 presents the distribution of achieved levels of LDL-C, non-HDL-C and apoB 

among patients assigned to high-dose statin therapy, i.e. either atorvastatin 80 mg in the 

TNT, IDEAL, or SPARCL trials or rosuvastatin 20 mg in the JUPITER trial. Among 18,677 

patients assigned to high-dose statin therapy, mean achieved LDL-C level was 69.6 mg/dL 

(standard deviation 27.0). A total of 2,364 (12.7%) did not reach an LDL-C target < 100 

mg/dL, 7,546 (40.4%) did not reach an LDL-C target <70 mg/dL, and 14,600 (78.3%) did 

not reach an LDL-C target <50 mg/dL. A total of 2176 (11.7%) did not reach a non-HDL-C 

level of 130 mg/dL, whereas 6,285 (33.7%) did not reach a non-HDL-C level < 100 mg/dL/ 

The number of patients not reaching apoB < 100 mg/dL was 2,740 (14.7%), and the number 

not reaching apoB < 80 mg/dL was 6,662 (35.7%).

Very low levels of LDL-C, non-HDL-C and apoB and risk of major 
cardiovascular events—Risk estimates for cardiovascular events by categories of 

achieved LDL-C level are presented in Table 1. Patients achieving an LDL-C level < 50 

mg/dL had a significantly lower risk of major cardiovascular events compared to those with 

an LDL-C level >175 mg/dL (adjusted hazard ratio 0.44; 95%CI 0.35-0.55). In fact, this 

category of patients achieving an LDL-C < 50 mg/dL even had a statistically significantly 

lower risk of major cardiovascular events when compared to patients achieving an LDL-C 

level between 75-100 mg/dL (adjusted hazard ratio 0.81; 95%CI 0.70-0.95). Similarly, the 

risk of major coronary events decreased with decreasing categories of achieved LDL-C, 

such that patients achieving an LDL-C level < 50 mg/dL had an adjusted hazard ratio of 0.47 

(95%CI 0.36-0.61) compared to those with an LDL-C level >175 mg/dL. The association 

between achieved LDL-C categories and risk of major cerebrovascular events was less 

linear than for coronary events although with a similar overall trend, such that patients 

achieving an LDL-C level < 50 mg/dL had a adjusted hazard ratio of 0.36 (95%CI 

0.22-0.59) compared to those in the highest category. Additional adjustment for baseline 

LDL-C levels did not change these results importantly. Corresponding results for non-HDL-

C and apoB are shown in Tables 2 and 3, respectively. Supplementary tables 4 and 5 show 

equivalent analyses using the alternative LDL-C cutoffs 50, 70, 100, 130, 160 and 190 

mg/dL and non-HDL-C cutoffs 80, 100, 130, 160, 190 and 220 mg/dL. Supplementary 

Table 6 shows the risk of hemorrhaghic stroke by categories of LDL-C, nonHDL-C or apoB, 

based on data available from 7 trials (4S, LIPID, CARDS, TNT, IDEAL, SPARCL, 

JUPITER). Although the absolute number of hemorrhagic strokes was low and therefore 

statistical power limited, the results suggest that risk of hemorrhagic stroke was somewhat 

higher among patients achieving very low levels of atherogenic lipoproteins compared to 

those achieving moderately low levels.

Discussion

Our results show that there is a large inter-individual variation with regard to the reduction 

of atherogenic lipoprotein levels achieved with statin therapy. As a consequence, over 40% 

of trial patients assigned to high-dose statin therapy did not reach an LDL-C level below 70 

mg/dL. The clinical benefit of achieving even lower levels of atherogenic lipoproteins 
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appears to be considerable since patients achieving an LDL-C level < 50 mg/dL are at 

significantly lower risk of major cardiovascular events even when compared to those 

reaching LDL-C levels 75-100 mg/dL.

Inter-individual variation of statin response

It is well known that there is a large inter-individual variation in the response to statin 

therapy. However, our current results highlight an underappreciated aspect, namely that 

some patients achieve a very large reduction of atherogenic lipoprotein levels, whereas 

others respond very poorly. Therefore, current management of dyslipidemia continues to be 

suboptimal, with a substantial proportion of patients failing to achieve guideline-

recommended lipid targets.22,23 Multiple patient characteristics including sex, age, smoking 

status, body weight, diet, and physical activity have been reported to contribute to variations 

in statin-induced LDL-C reduction but the impact of these factors is very modest.24,25,26 

However, non-adherence is probably one of the most important factors in the failure of 

patients to reach their lipid targets. Non-adherence is a complex entity and is affected by 

several factors including dose-related toxicity and side-effects, doctor-related issues such as 

failure to initiate therapy, inadequate patient education, inappropriate drug or dose selection, 

and inadequate dose titration, as well as patient-related issues such as depression.27,28,29

Several studies have investigated the association between genetic variants and the magnitude 

of LDL-C reduction achieved with a fixed statin dose. For instance, among patients treated 

with pravastatin 40 mg, two common variants in the 3-hydroxy-3-methylglutaryl-coenzyme 

A reductase (HMGCR) gene were shown to be associated with lower efficacy of pravastatin 

treatment.30 In a genetic substudy of the TNT trial variants in APOE, PCSK9 and HMGCR 

were also associated with statin efficacy, in this case atorvastatin.31 A genome-wide 

association study in the JUPITER trial identified variants in ABCG2, LPA, APOE, and 

PCSK9 to be involved in response to rosuvastatin.32 Voora et al. reported that variants in the 

APOE and ABCA1 genes were also associated with statin efficacy.33 A genetic substudy of 

the Heart Protection Study also identified several genetic variants associated with statin 

efficacy, but the authors concluded that these did not alter lipid response by more than a few 

percent.34 Overall, the lack of strong genetic effects on statin-induced lipid response in these 

large trials is likely a reflection of the complexity of lipid homeostasis and suggests that 

variability in response is due to a range of small effects superimposed on non-adherence.31 

Thus, the most important causes of inadequate lipid lowering achieved with statin therapy 

are largely unexplained.

Very low levels of atherogenic lipoproteins and risk of major cardiovascular events

The U.S. ATP-III guidelines recommend that for patients with CHD or a CHD risk 

equivalent, the LDL-C goal should be <100 mg/dL.35 The more recently published 

European guidelines recommend that for people at high CVD risk the LDL-C goal is <2.5 

mmol/L (~100 mg/dL).36 These guidelines also suggest a target below 70 mg/dL or 1.8 

mmol/L respectively, for patients at very high CVD risk, but these recommendations are not 

evidence-based. Our results suggest that even in the optimal setting of a randomized 

controlled trial, over 40% of patients assigned to high-dose statin therapy do not reach an 

LDL-C level <70 mg/dL. However, phase 2 data from trials with PCSK9 inhibitors suggest 
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that the large majority of patients treated with those agents may be able to reach LDL-C 

levels < 70 mg/dL.8

Whether achieving very low levels of atherogenic lipoproteins is indeed beneficial in terms 

of CVD risk is unclear. Post-hoc analyses from several statin trials have shown that patients 

achieving very low LDL-C levels on statin therapy are at lower CVD risk than those 

achieving moderately low levels, although the number of patients achieving very low LDL-

C levels in individual trials is usually small. In the PROVE IT – TIMI-22 trial, there was no 

adverse effect and even an apparently lower cardiovascular risk in patients who reached 

LDL-C levels lower than the target 80-100 mg/dL.4 A post-hoc analysis of the TNT trial 

showed that there was a highly significant reduction in the rate of major cardiovascular 

events with descending quintiles of achieved on-treatment LDL-C, even down to the lowest 

quintile which was defined as <64 mg/dL.5 In JUPITER, statin-allocated participants 

attaining LDL-C <50 mg/dL had a lower risk of cardiovascular events than those not 

reaching LDL-C <50 mg/dL.6 Our large-scale meta-analysis confirms the results of these 

studies and suggests that achieving very low levels of atherogenic lipoproteins seems to 

provide cardiovascular benefit beyond just treatment with a statin. With regard to the safety 

of very low levels of atherogenic lipoproteins, we observed that the risk of hemorrhagic 

stroke appeared to be somewhat higher among patients achieving very low levels of 

atherogenic lipoproteins than among those achieving moderately low levels. It should be 

stressed however that the number of hemorrhagic strokes was low, so statistical power was 

insufficient to draw definite conclusions. It should also be stressed that this small potential 

relative increase in hemorrhagic stroke was outweighed by a much lower risk of other 

cerebrovascular events. Thus, the overall risk of major cerebrovascular events was still 

lowest among patients achieving very low levels of atherogenic lipoproteins.

Limitations

Several aspects need to be taken into account when interpreting the results of this analysis. 

An important strength of this study is the availability of individual patient data, which 

enabled individual-level patient analyses, which provides more appropriate and accurate 

results than study-level analyses. A second strength is the fact that the dataset contained a 

large number of patients and major cardiovascular events. This enabled more reliable 

analyses of the relatively small group of patients reaching very low levels of atherogenic 

lipoproteins, which in individual trials is usually a small number. The most important 

limitation is the fact that this was a post-hoc analysis based on observational data, which 

cannot be extrapolated to treatment recommendations. A second limitation is the fact that 

the participating trials had different inclusion criteria. The different distributions of baseline 

characteristics may have affected the results of our meta-analysis. In particular, inclusion 

based on lipid criteria may have led to the selection of specific subpopulations of patients in 

some trials. In addition, outcome definitions may have differed slightly between trials. It 

should also be noted that the results are based on patients included in trials and that these 

results cannot necessarily be extrapolated to patients in routine clinical practice. Another 

limitation is the use of on-statin lipid and apolipoprotein levels measured at 1-year follow-

up. This time point was chosen because it was the first uniform time point when lipids and 

apolipoproteins were measured in all participating trials. Therefore, fatal cardiovascular 
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events occurring in the first year of therapy are not accounted for in this analysis. Finally, it 

should be noted that part of the variability of LDL-C reductions observed in the trials may 

not have a strict biological explanation, but could also be explained by drug interactions or 

other factors like noncompliance, a factor that could not be accounted for in the present 

analysis.

In summary, we show that a large inter-individual variability exists with regard to the 

reduction of atherogenic lipoprotein levels achieved with statin therapy, and that despite 

treatment with high-dose statin therapy over 40% of trial patients do not reach guideline-

recommended targets. Importantly, patients who achieve an LDL-C level < 50 mg/dL are at 

lower CVD risk than those achieving an LDL-C level 75-100 mg/dL. Whether a strategy 

targeting very low levels of atherogenic lipoproteins provides clinical benefit compared to a 

strategy targeting moderately low levels needs to be established in randomized controlled 

trials.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Waterfall plots of percentage LDL-C reduction
Waterfall plots present the distribution of percentage LDL-C reduction (1-year minus 

baseline divided by baseline levels) achieved in trials. Displayed are typical examples of 

usual-dose statin therapy (pravastatin 40 mg in the LIPID trial, plot A), high-dose statin 

therapy (rosuvastatin 20 mg in the JUPITER trial, plot B), a dose increase from usual-dose 

to high-dose statin (atorvastatin 10 mg to 80 mg in the TNT trial, plot C), and a placebo arm 

(AFCAPS-TexCAPS trial, plot D). LDL-C indicates low-density lipoprotein cholesterol.
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Figure 2. Distribution of achieved levels of LDL-C, non-HDL-C and apoB
Histograms displaying the distribution of achieved levels of LDL-C, non-HDL-C and apoB 

among patients treated with high-dose statin therapy. The results are based on patients 

assigned to atorvastatin 80 mg in the TNT, IDEAL, and SPARCL trials, and those assigned 

to rosuvastatin 20 arm in the JUPITER trial. LDL-C indicates low-density lipoprotein 

cholesterol, non-HDL-C indicates non-high-density lipoprotein cholesterol, apoB indicates 

apolipoprotein B.
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CENTRAL ILLUSTRATION. On-Statin LDL-C Levels and Risk for Major Cardiovascular 
Events
Distribution of achieved on-statin LDL-C levels (dark blue curve; right y-axis) and the risk 

of major cardiovascular events (light blue line; left y-axis). The x-axis represents achieved 

on-statin LDL-C levels. LDL C = low-density lipoprotein cholesterol; HR = hazard ratio.
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