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GENERAL INTRODUCTION 

 

Coronary artery disease (CAD) is the worldwide leading cause of mortality and morbidity. In 2001, 

the worldwide number of deaths from CAD was around 7.1 million, comprising 12.2% of the 56.2 

million people who died in this year (1). In the fight against this burden of disease, several 

prevention strategies have been developed, which include treatment with aspirin, 

antihypertensive agents and HMG-CoA reductase inhibitors (statins). Despite the clinical benefit of 

this approach (2-4), a considerable level of CAD risk remains in patients subjected to these 

prevention strategies. For example, in a recent large clinical trial that compared CAD risk reducing 

ability of high-dose versus low-dose statin therapy, risk of recurrent CAD in the intensive 

treatment arm was still 20% (5). Of note, almost 80% of these patients received aspirin therapy, 

had normal levels of systolic and diastolic blood pressure, and were adequately treated according 

to currently recommended target values of low-density lipoprotein (LDL) cholesterol. These 

observations, as well as the worldwide rising prevalence of major CAD risk factors such as obesity 

and diabetes mellitus, are reason for negativism regarding CAD prevalence in the future. Indeed, 

recent projections for 2030 clearly demonstrate that, despite the continuous spread of HIV/AIDS in 

many regions, CAD is likely to remain the leading cause of death by that year (1, 6). 

In view of the above mentioned considerations, intensive efforts are being conducted to 

further improve efficacy of prevention strategies. Given the prominent role in the process of 

atherosclerosis played by lipoproteins, as well as the clear clinical benefit of statin therapy, 

evaluation and improvement of lipoprotein management is at the center of these efforts. First of 

all, lipoprotein-related CAD risk assessment is subject to intense evaluation, since a more precise 

identification of high-risk individuals leads to a better detection of those who will have most 

benefit from statin therapy. This might ultimately add to clinical benefit of such therapy. A second 

point of attention pertains to the procedure of statin treatment monitoring, since a better 

detection of patients who will have benefit from more intensive therapy might also increase 

treatment efficacy. Third, there is an intensive search for alternative lipoprotein treatment targets 

to further reduce risk of CAD. In view of this, most attention is being paid to the high-density 

lipoprotein (HDL). This thesis will address all of these points to some extent. In part I, focus will be 

on CAD risk assessment (Chapters 2-4) and monitoring of statin therapy (Chapters 5 and 6). In view 

of its emphasis on development of novel therapeutic strategies, part II describes several aspects of 

the cholesteryl ester transfer protein (CETP), which is an enzyme with a central role in HDL 

metabolism (Chapter 7-10). Pharmacological inhibition of this enzyme results in increase of the 

anti-atherogenic lipid fraction (HDL cholesterol), which is supposed to reduce risk of CAD. 
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OUTLINE OF THE THESIS 

 

Part I – Risk assessment and treatment 

Accuracy of CAD risk management programs relies on a precise identification of individuals who 

will have most benefit from preventive therapy. In other words, it is essential to discriminate 

individuals who are likely to develop CAD from those who are not. To this end, several risk 

calculators have been developed (7, 8), which take into account the presence of major CAD risk 

factors. Such calculators generally include measurements of LDL cholesterol and HDL cholesterol 

to represent lipoprotein-related risk, but recent reports suggest that other lipoprotein parameters 

might be more suitable. In chapter 2, we evaluate whether measurements of LDL particle size 

and/or LDL particle number might provide better insights into lipoprotein-related CAD risk than 

levels of LDL cholesterol do. The scientific rationale for this study question is provided by the 

concept that smaller LDL particles exhibit a higher atherogenic potency than larger particles do. 

As such, these alternative parameters are hypothesized to have the potential to improve CAD risk 

assessment, since they might represent risk information that is incompletely captured by 

measurements of LDL cholesterol per se. In chapter 3, focus is shifted towards the anti-atherogenic 

lipoprotein fraction. This chapter provides a detailed evaluation of plasma levels of HDL 

cholesterol and its major apolipoprotein (apolipoprotein A-I) in relation to risk of CAD. The main 

objective of this study was to determine whether these parameters are still negatively related to 

CAD risk at very high levels. This information is relevant to considerations as to which of these two 

parameters is most suitable for CAD risk assessment. Chapter 4 addresses the question whether a 

composite parameter, including both the pro-atherogenic and the anti-atherogenic lipoprotein 

fraction, adds to accuracy of CAD risk assessment in the general population. This parameter, i.e. 

the ratio of apolipoprotein B to A-I (apolipoprotein B/A-I), has frequently been hypothesized to be 

the best variable to reflect lipoprotein-related risk, but studies reporting direct comparisons with 

standard lipoprotein parameters are lacking. The emphasis put on this composite parameter finds 

its origin in the fact that, in contrast tot LDL cholesterol, apolipoprotein B represents all 

atherogenic lipoproteins, including VLDL, LDL, IDL and lp(a) (9). In addition, the fixed 

apolipoprotein B:lipoprotein ratio of 1:1 results in the advantage of apolipoprotein B to be more 

sensitive to changes in lipoprotein size and number, which are considered to independently affect 

CAD risk. When it comes to the denominator, cumulating evidence demonstrates that, in contrast 

to the HDL cholesterol content, apolipoprotein A-I is the mediator of the anti-atherogenic potency 

associated with this lipoprotein (9).  

A next step in the process to improve CAD risk management programs is a critical evaluation 

of algorithms for the monitoring of statin treatment. In currently available guidelines (10), 

treatment effect is recommended to be monitored by means of plasma LDL cholesterol levels, 

with the ultimate goal to reach specific target values for this parameter. However, several 

lipoprotein parameters have been put forward as more appropriate treatment targets, since these 

parameters are hypothesized to better identify patients who are still at increased risk despite 
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treatment. These alternative parameters include apolipoprotein B, non-HDL cholesterol and 

apolipoprotein B/A-I. Non-HDL cholesterol is calculated as the difference between total 

cholesterol and HDL cholesterol, and is a quantification of cholesterol present in all lipoproteins 

except HDL. Studies that address the question whether these alternative parameters are indeed 

better risk indicators in patients receiving statin therapy are scarce. Therefore, we performed a 

post-hoc analysis in two large prospective studies to address this study question, results of which 

are presented in chapter 5. Since such alternative parameters cannot be routinely used without 

definition of exact target values, a second post-hoc analysis was performed to calculate such 

values (chapter 6). 

 

Part II – Novel Therapy 

Although existing clinical guidelines should be improved where possible, most additional CAD risk 

reduction might be expected to come from targeting novel risk factors. In view of this, several 

non-lipoprotein risk factors, in particular C-reactive protein, are subject to intensive research (11). 

When it comes to lipoprotein metabolism, most attention is currently being paid to targeting the 

HDL particle. The basis for this approach is provided by numerous epidemiological studies 

showing an independent inverse relationship between levels of HDL cholesterol and risk of future 

CAD. In the second part of this thesis, we address several issues surrounding this approach. First of 

all, we focus on potential mechanisms by which HDL metabolism could be affected. To this 

purpose, chapter 7 provides a review of genetic disorders that give rise to changes of plasma HDL 

cholesterol concentration. In an attempt to identify future targets for therapy, this review 

evaluates the consequences for atherosclerosis associated with the presence of these disorders. At 

the time of preparation of this thesis, most scientific progress had been made with inhibition of 

the cholesteryl ester transfer protein (CETP). This protein exerts its function at a central point in 

HDL metabolism. It facilitates the energy neutral transport of triglycerides from apolipoprotein B-

containing lipoproteins to HDL, in exchange for cholesteryl esters. Pharmacological inhibition of 

CETP results in entrapment of cholesteryl esters within the HDL particle, leading to increased 

plasma HDL cholesterol levels. To better study the effects of this approach, we set out to identify 

novel CETP gene defects in The Netherlands. To this purpose, we screened Dutch patients with 

familial hyperalphalipoproteinemia and selected those subjects with low CETP activity. Resulting 

data and a close exploration of one family with genetic CETP deficiency are described in chapter 8. 

Although HDL cholesterol levels were strongly increased in the CETP deficient individuals, the 

number of subjects was too low to draw any conclusion with respect to consequences for CAD 

risk. To nevertheless address this study question, we investigated the relationship between a 

common CETP polymorphism and risk of future CAD in a large study population (Chapter 9). The 

final chapter, chapter 10, provides a review of mechanisms by which inhibition of CETP might 

modulate the process of atherosclerosis. This chapter ends with some concluding remarks 

surrounding the ultimate question whether this novel approach will indeed exert its anticipated 

action, i.e. reduction of CAD risk. 
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ABSTRACT 

 

Objectives – We assessed relations of low-density lipoprotein (LDL) particle number and LDL 

particle size as measured by nuclear magnetic resonance (NMR) spectroscopy with LDL cholesterol 

and the risk of future coronary artery disease (CAD) in a cohort of healthy subjects.  

Background – Whereas LDL cholesterol is an established risk factor for CAD, its discriminative 

power is limited. Measuring the number of LDL particles and their size may have stronger 

associations with CAD than LDL cholesterol.  

Methods – We conducted a case-control study nested in the prospective EPIC-Norfolk study which 

comprises 25,663 apparently healthy subjects aged 45 to 79 years with moderately elevated LDL 

cholesterol (mean 4.1 mmol/L). Cases (n= 1,003) were individuals who developed fatal or nonfatal 

CAD during 6 year follow-up. Controls (n=1,885) were matched for age, sex and enrolment time. 

Odds ratios for future CAD were calculated by quartile of each LDL variable. We also evaluated 

whether LDL particle number could improve the Framingham Risk Score to predict CAD. 

Results – In univariate analyses LDL particle number (odds ratio 2.00; 95% CI 1.58-2.59 in highest 

versus lowest quartile) and non-high-density lipoprotein (HDL) cholesterol (odds ratio 2.14; 95% CI 

1.69-2.69 in highest versus lowest quartile) were more closely associated with CAD than LDL 

cholesterol (odds ratio 1.73; 95% CI 1.37-2.18 in highest versus lowest quartile). The additional 

value of LDL particle number was lost after adjustment for high-density lipoprotein (HDL) 

cholesterol and triglyceride levels. Whereas LDL size was inversely related to CAD (odds ratio 0.60; 

95% CI 0.47-0.76 in highest versus lowest quartile) in univariate analysis, this relation was 

abolished upon adjustment for LDL particle number. In a model adjusted for the Framingham Risk 

Score, LDL particle number retained its association with CAD.   

Conclusion – In this large study of individuals with moderately elevated LDL cholesterol, LDL 

particle number was related to CAD on top of the Framingham Risk Score as well as after adjusting 

for LDL cholesterol. The additional value of LDL particle number was comparable to non-HDL 

cholesterol and it was abolished after adjusting for triglycerides and HDL cholesterol.  

 

 

Abbreviations – CAD, coronary artery disease; CETP, cholesteryl ester transfer protein; EPIC, 

European prospective investigation into cancer and nutrition; HDL, high-density lipoprotein; LDL, 

low-density lipoprotein; NMR, nuclear magnetic resonance  
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INTRODUCTION 

 

The causal role of low-density lipoprotein (LDL) particles in the pathogenesis of coronary artery 

disease (CAD) is well established, as is the clinical benefit of lowering LDL cholesterol in high risk 

patients. Hence, LDL cholesterol is the principal target in cardiovascular preventive strategies (1). 

LDL cholesterol content is used as a parameter to estimate LDL-associated CAD risk. More recently, 

assessment of the number of LDL particles has been put forward as a more reliable method to 

reflect atherogenicity of the LDL-fraction (2). Since the cholesterol content per LDL particle 

exhibits large inter-individual variation due to differences in particle size as well as relative content 

of cholesterol ester and triglycerides in the particle core, the information provided by LDL 

cholesterol and LDL particle number is not equivalent (3). Individuals with the same level of LDL 

cholesterol may have higher or lower numbers of LDL particles and, as a result, may differ in terms 

of absolute CAD risk. Prospective studies in which LDL particle concentration was estimated by 

apolipoprotein B levels, have underscored stronger associations between LDL particle number 

and CAD risk as compared to LDL cholesterol, particularly in subjects with normal LDL cholesterol 

concentration (4, 5). In addition, the size of LDL particles may also contribute to the atherogenicity 

of LDL cholesterol (6, 7). Thus, at a given level of LDL cholesterol, individuals with small LDL 

particles have greater atherosclerotic risk than those with large-size LDL (8, 9).  

Lipoprotein particle analysis by nuclear magnetic resonance (NMR) spectroscopy is a 

relatively new method by which both LDL particle number and LDL particle size can be efficiently 

measured (10). We evaluated the associations between LDL particle number and LDL particle size, 

in comparison with LDL cholesterol and non-high density lipoprotein (non-HDL) cholesterol as 

traditional markers, and risk of future CAD in apparently healthy men and women enrolled in a 

large prospective cohort with moderately elevated LDL cholesterol. Since LDL particle number and 

LDL particle size are closely related to traditional lipid factors such as HDL cholesterol and 

triglycerides, we performed multivariable analyses to assess independency of the correlations. We 

also assessed clinical usefulness of these novel parameters by determining their effect on the 

discriminative accuracy of the Framingham Risk Sore. 

 

 

METHODS 

 

We performed a nested case-control study among participants of the EPIC (European Prospective 

Investigation into Cancer and Nutrition)-Norfolk study, a prospective population study of 25,663 

men and women aged between 45 and 79 years, resident in Norfolk, UK, who completed a 

baseline questionnaire survey and attended a clinic visit (11). Participants were recruited from age-

sex registers of general practices in Norfolk as part of the ten-country collaborative EPIC study 

designed to investigate dietary and other determinants of cancer. Additional data were obtained 

in EPIC-Norfolk to enable the assessment of determinants of other diseases. 
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The design and methods of the study have been described in detail (11). In short, eligible 

participants were recruited by mail. At the baseline survey between 1993 and 1997, participants 

completed a detailed health and lifestyle questionnaire. Non-fasting blood was taken by vein 

puncture into plain and citrate bottles. Blood samples were processed for assay at the Department 

of Clinical Biochemistry, University of Cambridge, or stored at –80˚C. All individuals were flagged 

for death certification at the UK Office of National Statistics, with vital status ascertained for the 

entire cohort. In addition, participants admitted to hospital were identified using their unique 

National Health Service number by data linkage with ENCORE (East Norfolk Health Authority 

database). CAD was defined as codes 410-414 according to the International Classification of 

Diseases 9th revision. Participants were identified as having CAD during follow-up if they had a 

hospital admission and/or died with CAD as underlying cause.  We report results with follow-up up 

to January 2003, an average of about 6 years. The study was approved by the Norwich District 

Health Authority Ethics Committee and all participants gave signed informed consent. 

 

Participants 

We excluded all individuals who reported a history of heart attack or stroke at the baseline clinic 

visit. None of the cases or controls was on statin treatment. Cases were individuals who developed 

fatal or non-fatal CAD during follow-up. For each case, two controls (matched for gender, age 

(within 5 years) and time of enrolment (within 3 months)) were identified who had remained free 

of CAD during follow-up.  

 

NMR spectroscopy 

Lipoprotein subclass particle concentrations and average size of LDL particles were measured by 

proton NMR spectroscopy (LipoScience, Inc., North Carolina) as previously described (10). Particle 

concentrations of lipoprotein subclasses of different size were obtained directly from the 

measured amplitudes of their spectroscopically distinct lipid methyl group NMR signals.  The 

following LDL subclasses were defined: lDL (23-27 nm), large LDL (21.2-23 nm), small LDL (18-21.2 

nm). LDL subclass particle concentrations are given in units of nmol/L. Summation of the LDL 

subclass levels provides total LDL (including IDL) particle concentrations. Weighted-average LDL 

particle sizes (in nm diameter units) are computed as the sum of the diameter of each subclass 

multiplied by its relative mass percentage as estimated from the amplitude of its methyl NMR 

signal.  LDL subclass distributions determined by NMR and gradient gel electrophoresis are highly 

correlated (12). LDL subclass diameters, which are consistent with electron microscopy data (13), 

are uniformly ~5 nm smaller than those estimated by gradient gel electrophoresis.  

 

Biochemical analyses 

Serum levels of total cholesterol, HDL cholesterol, and triglycerides were measured with the RA 

1000 (Bayer Diagnostics, Basingstoke, UK), and LDL cholesterol levels were calculated with the 

Friedewald formula (14). NMR analysis was performed on stored serum samples which were 
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analyzed in random order to avoid systemic bias. Researchers and laboratory personnel were 

blinded to identifiable information, and could identify samples by number only.    

 

Statistical analysis 

Baseline characteristics were compared between cases and controls taking into account the 

matching. A mixed effect model was used for continuous variables and conditional logistic 

regression was used for categorical variables. Because triglyceride levels had a skewed 

distribution, values were log-transformed before being used as continuous variables in statistical 

analyses.  

Spearman correlation coefficients and corresponding P-values were calculated to assess 

associations between the various biomarkers and established continuous CAD risk factors. To 

asses the strength of association between a risk factor and the occurrence of CAD, we calculated 

odds ratios and corresponding 95% confidence intervals (95% CI) by conditional logistic 

regression analysis, taking into account matching for sex, age and enrolment time. Odds ratios 

were calculated per quartile of each risk factor, with the first quartile as the referent group.  P-

values represent significance for linearity across the odds ratios for the four quartiles of each risk 

factor. To compare the individual strengths of disease association of LDL particle number, non-

HDL cholesterol, LDL cholesterol, HDL cholesterol and triglycerides, we calculated odds ratios for 

future CAD per quartile of each variable in separate models adjusted for smoking (yes/no) and 

systolic blood pressure.  Since our objective was to determine relations of lipids/lipoproteins with 

CAD, we did not adjust additionally for body mass index and diabetes, two lipid-altering risk 

factors. Multivariable models were also examined to determine how relations of each variable 

were affected by adjustment for the other lipid/lipoprotein variables.  

We further assessed the relation of LDL particle number and non-HDL cholesterol with future 

CAD using a model which included the Framingham Risk Score. We calculated this score using a 

previously reported algorithm (15) based on age, sex, levels of total and HDL cholesterol, systolic 

and diastolic blood pressure, diabetes and smoking, and categorized subjects into three groups: 

low (<10%), intermediate (10-20%) or high (>20%) risk. Odds ratios for future CAD were calculated 

per quartile of the risk factor, adjusting for the Framingham Risk Score category. 

Statistical analyses were performed using SPSS software (version 12.0.1, Chicago, Illinois). A P-

value <0.05 was considered to indicate statistical significance. 

 

 

RESULTS 

 

Baseline characteristics 

We identified 1,003 participants who were apparently healthy at baseline and developed CAD 

during follow-up. A total of 882 cases were matched to two controls each, whereas the remaining 

121 cases could be matched to one control only, giving a total number of 1,885 controls. Baseline 
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characteristics of cases and controls are listed in table 1. As expected, cases were more likely to be 

smokers and diabetics, and to have a higher blood pressure and body mass index than controls. 

Levels of total cholesterol, LDL cholesterol, non-HDL cholesterol and triglycerides were 

significantly higher in cases than in controls, whereas HDL cholesterol levels were significantly 

lower (P<0.0001 for each). Baseline LDL particle number was higher in cases compared to controls 

(P<0.0001). Levels of the large LDL subclass were not different, but cases had more IDL and small 

LDL particles. Thus, the increased LDL cholesterol in cases is attributable mainly to increased 

cholesterol in small LDL. The average LDL particle size was smaller in cases than controls. 

 

TABLE 1. Baseline characteristics of cases and matched controls 

 Controls Cases P 

Number, n 1,885 1,003 - 

Male sex, % (n) 63.2 (1,192) 63.9 (641) Matched 

Age, yr 65 ± 8 65 ± 8 Matched 

Diabetes, % (n) 1.6 (30) 6.1 (61) <0.0001 

Smoking, % (n) 8.3 (155) 15.7 (157) <0.0001 

Body mass index, kg/m2 26.2 ± 3.4 27.3 ± 3.9 <0.0001 

Systolic blood pressure, mmHg 139 ± 18 144 ± 19 <0.0001 

Diastolic blood pressure, mmHg 84 ± 11 86 ± 12 <0.0001 

Total cholesterol, mmol/L 6.2 ± 1.1 6.5 ± 1.2 <0.0001 

HDL cholesterol, mmol/L 1.4 ± 0.4 1.3 ± 0.4 <0.0001 

LDL cholesterol, mmol/L 4.1 ± 1.0 4.3 ± 1.1 <0.0001 

Triglycerides, mmol/L 1.6 [1.1-2.2] 1.8 [1.3-2.6] <0.0001 

non-HDL cholesterol, mmol/L 4.8 ± 0.9 5.2 ± 0.8 <0.0001 

LDL particle number, nmol/L  1525 [1278-1812] 1640 [1383-1955] <0.0001 

IDL, nmol/L 36 [14-66] 43 [19-78] 0.003 

Large LDL, nmol/L  572 [448-704] 568 [427- 708] 0.6 

Small LDL, nmol/L 885 [637-1190] 999 [747-1330] <0.0001 

LDL particle size, nm 21.1 [20.7-21.5] 21.0 [20.1-21.4] 0.002 

Data are presented as mean ± standard deviation, percentage (n), or median [interquartile range]. Means, 

percentages, and medians may be based on fewer observations than the indicated number of subjects. 

Triglyceride levels were log-transformed before analysis 

 

 

Associations of LDL measures with other CAD risk factors 

As shown in table 2, LDL particle size was inversely correlated with LDL particle number (r=-0.58), 

but not with LDL cholesterol (r=0.01). We identified a strong inverse relation of LDL size with 

triglyceride levels (r=-0.53) and body mass index (r=-0.19) and a positive correlation with HDL 

cholesterol (r=0.54).  LDL cholesterol and LDL particle number were strongly interrelated (r=0.63), 

but both parameters had markedly different associations with HDL cholesterol and triglycerides. 

Whereas LDL cholesterol was only weakly associated with HDL cholesterol (r=-0.03) and 

triglyceride levels (r=0.18), LDL particle number was more strongly correlated with HDL cholesterol 

(r=-0.29) and triglycerides (r=0.55). Non-HDL cholesterol was strongly correlated with LDL particle 

number (r=0.79) and triglycerides (r=0.47), and inversely correlated with HDL cholesterol (r=-0.16) 

and LDL particle size (r=-0.18). 
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TABLE 2. Spearman correlation coefficients between measured variables 

 Non-HDL 

cholesterol 

LDL cholesterol LDL particle 

number 

LDL particle size 

LDL cholesterol 0.94 - - - 

LDL particle number 0.76 0.63 - - 

LDL particle size -0.18 0.01† -0.58 - 

Total cholesterol 0.94 0.93 0.65 - 

HDL cholesterol -0.16 -0.03§ -0.29 0.54 

Triglycerides 0.47 0.18 0.55 -0.53 

Body mass index 0.11 0.02‡ 0.14 -0.19 

P<0.0001 for comparison unless otherwise indicated. 
†P= 0.6, §P=0.09, ‡P=0.2  

 

 

LDL particle number, traditional lipid risk factors and risk for future CAD 

Shown in the upper panel of table 3 are the univariate odds ratios for future CAD associated with 

increasing quartiles of non-HDL cholesterol, LDL cholesterol, LDL particle number, HDL cholesterol 

and triglycerides. The five lipid/lipoprotein measures exhibited comparable strengths of 

association with CAD, with odds ratios differing approximately two-fold comparing the highest 

and lowest quartiles. The magnitude of the predictive value of LDL particle number and non-HDL 

cholesterol were greater than that of LDL cholesterol. Comparing the highest to lowest quartile, 

the odds ratio for LDL particle number was 2.00 (95% CI 1.58-2.59) and 2.14 (95% CI 1.69-2.69) for 

non-HDL cholesterol versus 1.73 (95% CI 1.37-2.18) for LDL cholesterol. The lower panels of table 3 

show the results of multivariate analyses in which each lipid/lipoprotein variable was adjusted for 

the other 2 parameters to assess the independence of their mutual relations with CAD. The 

associations of both LDL cholesterol and LDL particle number with CAD were attenuated after 

adjustment for HDL cholesterol and triglycerides, whereas attenuation was more pronounced for 

LDL particle number than for LDL cholesterol (4th quartile odds ratios reduced from 2.00 to 1.37 for 

LDL particle number versus 1.73 to 1.55 for LDL cholesterol). Similarly, relations of HDL cholesterol 

and triglycerides with CAD were attenuated more by adjustment for LDL particle number than LDL 

cholesterol.  

 

Concordance/discordance between LDL cholesterol and LDL particle number   

In a conditional logistic regression model that included both parameters and corrected for 

smoking and systolic blood pressure, LDL cholesterol was no longer statistically significantly 

associated with future CAD (table 4). LDL particle number, however, remained a significant risk 

factor, such that subjects in the highest quartile had an odds ratio of 1.78 (95% CI 1.34-2.37; 

P<0.0001 for linearity) (table 4). 
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TABLE 3. Odds ratios for future CAD by quartile of lipid/lipoprotein variable in univariable and multivariable 

models 

Quartile 1 2 3 4 P
†
 

LDL cholesterol 1.00 1.37 1.38 1.73 <0.0001 

  (1.09-1.73) (1.09-1.74) (1.37-2.18)  

LDL particle number 1.00 1.23 1.48 2.00 <0.0001 

  (0.97-1.56) (1.17-1.87) (1.58-2.59)  

HDL cholesterol 1.00 0.76 0.60 0.50 <0.0001 

  (0.60-0.95) (0.48-0.75) (0.39-0.64)  

Triglycerides 1.00 1.27 1.50 2.01 <0.0001 

  (1.00-1.62) (1.20-1.88) (1.61-2.51)  

Non-HDL cholesterol 1.00 1.31 1.57 2.14 <0.0001 

  (1.04-1.66) (1.25-1.97) (1.69-2.69)  

LDL cholesterol 1.00 1.26 1.27 1.55 0.001 

adjusted for  (0.99-1.60) (1.00-1.61) (1.22-1.96)  

HDL cholesterol  1.00 0.83 0.71 0.66 0.001 

and  (0.66-1.04) (0.56-0.89) (0.50-0.87)  

Triglycerides   1.00 1.12 1.22 1.52 0.001 

  (0.88-1.43) (0.96-1.54) (1.19-1.95)  

      

LDL particle number 1.00 1.13 1.21 1.37 0.02 

adjusted for  (0.89-1.44) (0.94-1.54) (1.04-1.83)  

HDL cholesterol  1.00 0.86 0.74 0.70 0.005 

and  (0.68-1.09) (0.59-0.94) (0.53-0.92)  

Triglycerides   1.00 1.11 1.19 1.36 0.03 

  (0.87-1.42) (0.93-1.51) (1.04-1.79)  

      

Non-HDL cholesterol 1.00 1.13 1.26 1.63 <0.0001 

adjusted for  (0.88-1.44) (0.99-1.62) (1.26-2.11)  

HDL cholesterol 1.00 0.83 0.71 0.66 0.001 

and  (0.66-1.05) (0.56-0.90) (0.50-0.87)  

Triglycerides 1.00 1.08 1.13 1.30 0.06 

  (0.85-1.39) (0.88-1.43) (0.99-1.70)  

Odds ratios (95% CI) were calculated by conditional logistic regression, taking into account matching for sex, 

age and enrolment time and adjusted additionally for smoking and systolic blood pressure. Univariable models 

(top) examined each lipid/lipoprotein variable in a separate model. Multivariable models (bottom) examined 

each variable in a model adjusted for the other 2 lipid/lipoprotein variables as continuous variables. †P for 

linear trend   

 

 

TABLE 4. Odds ratios for future CAD by quartile of LDL cholesterol and LDL particle number, both entered into one 

model 

Quartile 1 2 3 4 P† 

LDL cholesterol 1.00 1.23 1.13 1.22 0.3 

  (0.97-1.57) (0.88-1.45) (0.92-1.61)  

LDL particle number 1.00 1.18 1.39 1.78 <0.0001 

  (0.93-1.51) (1.08-1.79) (1.34-2.37)  

Odds ratios (95% CI) were calculated by conditional logistic regression adjusted for smoking and systolic blood 

pressure. †P for linear trend   
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LDL particle size and risk for future CAD 

Table 5 shows the odds ratios for future CAD associated with increasing quartiles of LDL particle 

size adjusted for smoking and systolic blood pressure, with and without additional adjustment for 

the potentially confounding inverse correlation of LDL particle size with LDL particle number.  

Without adjustment for LDL particle number, there was a significant relation of smaller LDL 

particle size with CAD, with an odds ratio for individuals in the highest quartile compared with 

those in the lowest quartile of 0.60 (95% CI 0.47-0.76).  However, upon adjustment for LDL particle 

number, the relation of LDL particle size with CAD was greatly attenuated and was no longer 

significant. 

 

LDL particle number and the Framingham Risk Score  

The results in table 6 indicate that LDL particle number and non-HDL cholesterol retain a similar 

association with future CAD after accounting for the Framingham Risk Score (odds ratio 1.34 and 

1.38 respectively in the highest versus lowest quartile). 

 

TABLE 5.  Odds ratios for future CAD by quartile of LDL size, with and without adjustment for LDL particle number 

LDL Size Quartile 1 2 3 4 P† 

1.00 0.77 0.76 0.60 <0.0001 Unadjusted for LDL particle 

number  (0.62-0.97) (0.60-0.95) (0.47-0.76)  

1.00 0.92 0.99 0.86 0.5 Adjusted for LDL particle 

number  (0.72-1.16) (0.77-1.28) (0.65-1.15)  

Odds ratios (95% CI) were calculated by conditional logistic regression adjusted for smoking and systolic blood 

pressure, with and without additional adjustment for LDL particle number. †P for linear trend   

 

 

TABLE 6.  Odds ratios for future CAD after taking into account the Framingham Risk Score 

Quartiles 1 2 3 4 P† 

LDL cholesterol 1.00 1.17 1.09 1.24 0.15 

  (0.93-1.48) (0.86-1.39) (0.97-1.58)  

LDL particle number 1.00 1.10 1.22 1.34 0.02 

  (0.86-1.39) (0.96-1.54) (1.03-1.73)  

Non-HDL cholesterol 1.00 0.98 1.03 1.38 0.04 

  (0.73-1.32) (0.76-1.38) (1.01-1.90)  

Odds ratios (95% CI) were calculated by conditional logistic regression, with adjustment for risk categories 

based on the Framingham Risk Score. †P for linear trend 

 

 

DISCUSSION 

 

Measurements of LDL particle number and LDL particle size have the potential to improve CAD 

risk assessment as well as decisions about LDL cholesterol lowering intensity, since they account 

for aspects of lipid-atherogenicity that are incompletely reflected by values of LDL cholesterol.  In 

this large prospective case-control study, we show that LDL particle number and non-HDL 
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cholesterol were more closely associated with the occurrence of future CAD than levels of LDL 

cholesterol. Upon adjusting for HDL cholesterol and triglyceride levels, the predictive capacity of 

LDL particle number was comparable to that of LDL cholesterol. Whereas LDL particle size was 

related to CAD risk, this relationship was abolished after adjusting for LDL particle number. Both 

LDL particle number and non-HDL cholesterol had incremental value on top of the Framingham 

Risk Score in multivariate analyses. Overall, these findings do not support routine use of LDL 

particle number and size for CAD risk assessment in primary prevention setting. 

 

LDL particle number and risk for future CAD 

The cholesterol content of LDL particles, which can create discordance between levels of LDL 

cholesterol and LDL particle number, is mainly influenced by cholesteryl ester transfer protein 

(CETP) activity, which is enhanced under circumstances of hypertriglyceridemia (8). This has two 

important consequences. First, transfer of cholesteryl ester from HDL particles to apolipoprotein B-

containing lipoproteins causes low HDL cholesterol levels. Second, cholesterol depletion and 

triglyceride enrichment of LDL particles facilitates the formation of small dense LDL particles (3, 8). 

As a result, LDL cholesterol levels generally underestimate the number of LDL particles in 

individuals with elevated triglycerides, as clearly illustrated in the Framingham Study (2, 3). 

Discordance between LDL cholesterol and LDL particle number is also a feature of diabetic 

patients (2, 16) and the number of metabolic syndrome components (2, 17). Our data in EPIC-

Norfolk showing that triglyceride and HDL cholesterol levels are much more strongly correlated 

with LDL particle number than LDL cholesterol are in agreement with these findings. Accordingly, 

it was not unexpected that the relation of LDL particle number with CAD risk was weakened more 

than that of LDL cholesterol by multivariate adjustment for triglycerides and HDL cholesterol. 

Conversely, adjusting for LDL particle number weakened relations of CAD with triglycerides and 

HDL cholesterol, suggesting that some of the risk associated with these non-LDL risk factors may 

actually stem from elevations of LDL particle number not reflected by levels of LDL cholesterol.  

We found a moderate degree of discordance between LDL cholesterol and LDL particle 

number in our study population. While the source of this excess risk may not be due entirely to the 

elevated LDL particle number, since those with discordantly high particle number often have 

increased triglycerides and decreased HDL cholesterol, it is biologically plausible that LDL particle 

number makes a contribution. Current understanding of the pathophysiology of atherosclerotic 

vascular disease is that LDL particles are active participants from the time they enter the artery 

wall, are retained in the intima by binding to extracellular matrix, become chemically modified by 

oxidation, and are subsequently ingested by macrophages to create foam cells and increased 

plaque burden (2, 4). 

Despite the finding that LDL particle number predicted CAD independently of the 

Framingham Risk Score, our results showing a loss of association of this parameter over LDL 

cholesterol when HDL cholesterol and triglyceride levels are accounted for, do not argue for the 

routine implementation of LDL particle number assessment for CAD risk assessment.  LDL particle 
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number may, however, play a useful role in patient management by helping to judge the 

adequacy of LDL cholesterol lowering therapy, particularly among those with elevated 

triglycerides and reduced HDL cholesterol. Such a role has been proposed for apolipoprotein B 

(4,5), and both non-HDL cholesterol and apolipoprotein B have been put forward as secondary 

treatment targets after LDL cholesterol goals have been achieved (1,4). In fact, data supporting 

LDL particle number as an alternative treatment target has gained support from clinical 

intervention studies showing that on-treatment levels of apolipoprotein B or NMR-measured LDL 

particle number were more reliable indicators of residual CAD risk than on-treatment LDL 

cholesterol (2, 4, 5, 18, 19). 

 

LDL particle size and risk for future CAD 

Small LDL particle size is another factor associated with high triglycerides, low HDL cholesterol, 

obesity, insulin resistance, diabetes, and metabolic syndrome (6-9). Our finding of a relation 

between smaller LDL particle size and greater CAD risk is consistent with previous studies 

reporting that small LDL particles have higher atherogenic potential than large particles (8, 9). 

However, upon adjustment for LDL particle number, the relationship of LDL particle size with CAD 

was abolished. This result is consistent with findings in the Multi-Ethnic Study of Atherosclerosis 

indicating that NMR-measured numbers of small and large LDL particles are related similarly to 

carotid atherosclerosis (20).  

 

Non-HDL cholesterol and risk for future CAD 

The present findings confirm that non-HDL cholesterol is a better predictor of CAD than LDL 

cholesterol (21, 22). Previous studies have also found that the number of most atherogenic 

lipoprotein particles, as measured by apolipoprotein B, were more strongly related to CAD risk 

than was non-HDL cholesterol (21, 22). In the present study we show that the association of LDL 

particle number with CAD is almost equal to that of non-HDL cholesterol. The fact that 

apolipoprotein B captures all atherogenic particles (including VLDL and LDL), whereas LDL particle 

number only measures LDL particles, may have contributed to this distinction. There has been an 

intense debate concerning clinical relevance of measuring particle numbers and/or cholesterol 

content of the particles. In the present study, we observed that both LDL particle number as well 

as non-HDL cholesterol conferred predictive value on top of the Framingham Risk Score. Since the 

association between LDL particle number and CAD was equal to that of non-HDL cholesterol, the 

present findings do not advocate routine use of LDL particle number in CAD risk assessment. The 

potential value of this measurement for monitoring patients on lipid lowering medication needs 

to be addressed in separate intervention trials. 

 

Study limitations 

Our study has several limitations. The study population was relatively elderly, which may limit the 

generalizability of our results. Case-control differences in CAD among older populations are more 
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weakly related to lipoprotein levels than in younger populations because many of the control 

subjects have extensive subclinical disease, yet have not experienced a coronary event (23). LDL 

cholesterol levels in the study population were also considerably higher than in the general U.S. 

population, with a mean LDL cholesterol value in EPIC-Norfolk corresponding to the 80th 

percentile of Framingham subjects of similar age and gender (24). CAD events in our study were 

ascertained through death certification and hospital admission data, which may lead both to 

under ascertainment and to misclassification of cases. Previous validation studies in this cohort, 

however, indicate high specificity of such case ascertainment (25).  

 

Final conclusions 

In conclusion, in this large cohort of apparently healthy men and women, LDL particle number and 

non-HDL cholesterol were more closely associated than LDL cholesterol with the occurrence of 

future CAD. After adjustment for HDL cholesterol and triglycerides, LDL particle number was no 

longer more predictive than LDL cholesterol. These findings do not support routine use of LDL 

particle number values in primary prevention strategies. However recognition that patients with 

low HDL cholesterol and/or high triglycerides often have elevated numbers of LDL particles 

without having elevated LDL cholesterol may enable their LDL-related CAD risk to be managed 

more effectively.   
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ABSTRACT 

 

Objective – To assess the relationship of high-density lipoprotein (HDL) cholesterol, HDL particle 

size and apolipoprotein A-I with the occurrence of coronary artery disease (CAD), with a focus on 

the effect of very high values of these parameters. 

Background – High plasma levels HDL cholesterol and apolipoprotein A-I are inversely related to 

the risk of CAD. However, recent data suggest that this relationship does not hold true for very 

high HDL cholesterol levels, particularly when a preponderance of large HDL particles is observed.  

Methods – Post-hoc analysis of two prospective studies; the ‘Incremental Decrease in End Points 

through Aggressive Lipid Lowering’ (IDEAL; n=8,888) trial comparing the efficacy of high-dose to 

usual-dose statin treatment for the secondary prevention of cardiovascular events, and the 

European Prospective Investigation into Cancer and Nutrition (EPIC)-Norfolk case-control study, 

including apparently healthy individuals who did (cases; n=858) or did not (controls; n=1,491) 

develop CAD during follow-up. In IDEAL, only HDL cholesterol and apolipoprotein A-I were 

available; in EPIC-Norfolk, nuclear magnetic resonance (NMR) spectroscopy determined HDL 

particle sizes were also available.  

Results – In the IDEAL study, a negative relationship with CAD was present for HDL cholesterol. 

However, at very high levels (>1.81 mmol/L), HDL cholesterol proved a significant major coronary 

event (MCE) risk factor following adjustment for age, sex, smoking, apolipoprotein A-I and B. A 

similar association was observed for HDL particle size in EPIC-Norfolk. In contrast, apolipoprotein 

A-I remained negatively associated across the major part of its distribution in both studies. 

Conclusions – When apolipoprotein A-I and B are kept constant, HDL cholesterol and HDL particle 

size may confer risk at very high values. This does not hold true for very high levels of 

apolipoprotein A-I at fixed levels of HDL cholesterol and apolipoprotein B. These findings may 

have important consequences for assessment and treatment of CAD risk. 

 

 

Abbreviations – CAD, coronary artery disease; CETP, cholesteryl ester transfer protein; EPIC, 

european prospective investigation into cancer and nutrition; HDL, high-density lipoprotein; 

IDEAL, incremental decrease in end points through aggressive lipid lowering; LDL, low-density 

lipoprotein; MCE, major coronary event; NMR, nuclear magnetic resonance 
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INTRODUCTION 
 

Epidemiological data have convincingly demonstrated an independent and inverse relationship 

between the concentration of cholesterol in high-density lipoproteins (HDL) and the risk of 

coronary artery disease (CAD) (1, 2). Studies focusing on the biological mechanisms responsible for 

this association suggest a major role for the main protein constituent of HDL, apolipoprotein A-I 

(3). These observations have led to the development of novel therapies that raise plasma levels of 

HDL cholesterol or apolipoprotein A-I in order to decrease risk of CAD that remains present in 

patients treated with statins. Among these novel therapies, elevation of HDL cholesterol by 

inhibition of the cholesteryl ester transfer protein (CETP) attracts most attention to date. 

 Recently, two clinical studies with the CETP inhibitor torcetrapib were published, evaluating 

the effect of this novel compound on atherosclerosis progression in humans (4, 5). In both studies, 

considerable increases of plasma HDL cholesterol were observed in patients receiving torcetrapib, 

with achievement of very high levels of this lipid fraction (72.1 mg/dL (1.86 mmol/L) and 81.5 

mg/dL (2.11 mmol/L) respectively). Nevertheless, torcetrapib did not induce the expected 

regression of atherosclerosis. One possible explanation for this unexpected outcome pertains to 

the structural changes of the HDL particle induced by CETP inhibition. In fact, it has been 

hypothesised that the very large HDL particles, which become predominant when HDL cholesterol 

levels rise upon CETP inhibition, may be less effective in exerting anti-atherogenic functions (6). 

Although several in vitro experiments have addressed this specific issue (6-8), no robust 

epidemiological studies are available, as of yet. 

Therefore, the objective of the present study was to assess the relationships of plasma HDL 

cholesterol and HDL particle size with CAD risk, with a particular emphasis on very high values of 

these parameters. Similarly, we evaluated the relationship for apolipoprotein A-I. We used data 

from the large ‘Incremental Decrease in End Points through Aggressive Lipid Lowering’ (IDEAL) (9) 

trial (n=8,888), which compared the efficacy of high-dose to usual-dose statin treatment for the 

secondary prevention of cardiovascular events, and from a prospective case-control study (858 

cases; 1,491 controls) nested in the European Prospective Investigation into Cancer and Nutrition 

(EPIC)-Norfolk cohort (10). The IDEAL dataset contained data on HDL cholesterol and 

apolipoprotein A-I, whereas the EPIC-Norfolk dataset additionally had values of HDL particle size, 

as measured by nuclear magnetic resonance (NMR) spectroscopy. Here, we present our results. 

 

 

METHODS 

 

Study cohorts 

The IDEAL study has been published previously (9). In summary, IDEAL is a prospective, 

randomized trial comparing the efficacy of high- to usual-dose statin therapy for the secondary 

prevention of cardiovascular events. A total number of 8,888 patients with a history of myocardial 
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infarction were enrolled and randomized to either simvastatin 20 mg or atorvastatin 80 mg. 

Median follow-up was 4.8 years. Mean on-treatment levels of low-density lipoprotein (LDL) 

cholesterol were 104 mg/dL (2.7 mmol/L) in the simvastatin group, and 81 mg/dL (2.1 mmol/L) in 

the atorvastatin group. The intensive treatment regime did not significantly reduce the occurrence 

of the primary outcome (major coronary event, MCE), but did reduce the risk of other composite 

secondary endpoints and nonfatal acute myocardial infarction. 

The EPIC-Norfolk study included 25,663 men and women aged 45 to 79 years, resident in 

Norfolk, United Kingdom (10). Participants were recruited from general practices in Norfolk as part 

of the ten-country collaborative EPIC study, designed to investigate dietary and other 

determinants of cancer. Additional data were obtained in EPIC-Norfolk to enable the assessment 

of determinants of other diseases, including CAD. At the baseline survey between 1993 and 1997, 

participants completed a detailed health and lifestyle questionnaire. All individuals were flagged 

for death certification at the United Kingdom Office of National Statistics, with vital status 

ascertained for the entire cohort. In addition, participants admitted to hospital were identified 

using their unique National Health Service number by data linkage with the East Norfolk Health 

Authority (ENCORE) database, which identifies all hospital contacts throughout England and Wales 

for Norfolk residents. Participants were identified as having CAD during follow-up if they had a 

hospital admission and/or died with CAD as underlying cause. CAD was defined as codes 410-414 

according to the International Classification of Diseases, 9th revision. The case-control dataset 

used for the present study included individuals who developed CAD during follow-up until 

November 2003 (mean follow-up 6 years). Controls were study participants who remained free 

from CAD during this follow-up period. Cases and controls were matched by age (within 5 years), 

sex and time of enrolment (within 3 months) on a 1:2 basis. All individuals who reported a history 

of heart attack/stroke or use of lipid lowering drugs at the baseline clinic visit were not included in 

the case-control study. 

 

Endpoint definition 

The occurrence of an MCE was selected as outcome variable for this analysis. In the IDEAL study, 

this was the primary endpoint, defined as coronary death, non-fatal myocardial infarction or 

resuscitation after cardiac arrest. In EPIC-Norfolk, MCE included fatal or non-fatal CAD, defined as 

codes 410-414 according to the International Classification of Diseases, 9th revision. 

 

Selection of study participants 

For the present analysis in the IDEAL study, lipid and apolipoprotein values were averages of the 

measurements performed at 3 and 6 months on-treatment. Only patients with a complete set of 

lipid and apolipoprotein measurements at these time points were used, and all patients who 

developed MCE in this study before 6 months of treatment were excluded from the present 

analysis. Similarly, only patients with complete lipid, apolipoprotein and HDL particle size 

measurements at the baseline survey in EPIC-Norfolk were used for the present analysis. 
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Laboratory measurements 

Lipid and apolipoprotein measurements were performed on fasting blood samples in the IDEAL 

study and on non-fasting samples in EPIC-Norfolk. Levels of total cholesterol, HDL cholesterol and 

triglycerides were quantified using standard methodologies. In both studies, plasma 

concentration of apolipoprotein A-I and B were determined by immunonepholometry (Behring 

Nephelometer BNII, Marburg, Germany) with calibration traceable to the International Federation 

of Clinical Chemistry primary standards (11). 

In EPIC-Norfolk, mean HDL particle size was measured by NMR spectroscopy as previously 

described (12). Briefly, concentrations of HDL size subclasses were derived from the measured 

amplitudes of the distinct lipid methyl group NMR signals they emit. Weighted-average HDL 

particle sizes in nanometers (nm) were then calculated from the subclass levels, and the diameters 

were assigned to each subclass. 

 

Statistical analyses 

In the IDEAL dataset, the relationships of HDL cholesterol and apolipoprotein A-I with MCE were 

calculated by a Cox proportional hazards model, yielding values for relative risk for a one standard 

deviation increase of both parameters, with 95% confidence intervals. The basic regression model 

included covariates for age, sex and smoking status (current, former, never) recorded at baseline. 

Body mass index was not taken into account because this parameter did not significantly 

contribute to the regression models (data not shown). Data on alcohol consumption were not 

available in the IDEAL database. In EPIC-Norfolk, the relationships of HDL cholesterol, HDL particle 

size and apolipoprotein A-I with MCE were determined by conditional logistic regression analysis 

that took into account the matching for age, gender and enrolment period, and included the 

covariates smoking status (current, former, never), body mass index and alcohol consumption 

(number of units per week) (basic model). MCE risk estimates were expressed as odds ratios for a 

one standard deviation increase of HDL cholesterol, HDL particle size or apolipoprotein A-I, with 

95% confidence intervals. The basic models for HDL cholesterol (IDEAL and EPIC-Norfolk) and HDL 

particle size (EPIC-Norfolk only) were then adjusted for apolipoprotein A-I, and those for 

apolipoprotein A-I were adjusted for HDL cholesterol (IDEAL and EPIC-Norfolk) or HDL particle size 

(EPIC-Norfolk only). In addition, all models were adjusted for apolipoprotein B, in order to account 

for the pro-atherogenic lipoprotein fraction. 

To assess the effect of very high values of HDL cholesterol, HDL particle size and 

apolipoprotein A-I on the risk of MCE, patients were categorized into six subgroups for each of 

these parameters in the two studies. These subgroups were defined based on the percentages of 

study participants that belong to the following HDL cholesterol subgroups in IDEAL: <40, 40-49, 

50-59, 60-69, 70-79 and >80 mg/dL (<1.03, 1.03-1.29, 1.29-1.55, 1.55-1.81, 1.81-2.07 and >2.07 

mmol/L). MCE risk estimates were than calculated for patients in each subgroup, using the lowest 

category as reference. Adjustment procedures were identical as described above. A P-value was 

calculated for each subgroup, indicating whether the corresponding risk estimate significantly 
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differed from the reference category. Also, statistical significance was assessed for a linear trend 

across the risk estimates connected to the six subgroups. 

 

 

RESULTS 

 

Study populations 

Of 8,888 IDEAL study participants, 324 patients (195 MCE’s) were excluded because of missing 

values at 3 or 6 months or both, or because they experienced an MCE before the 6-month visit. 

Thus, data were analyzed from 8,564 IDEAL study participants, among which 679 experienced an 

MCE during follow-up. The EPIC-Norfolk case-control study contained 1,133 cases and 2,237 

controls. Of these, 239 cases and 324 controls were excluded because of missing values at the 

baseline survey. Among the remaining study subjects, 36 cases were excluded because they had 

no matching control, as were 422 controls because they were without matching case. 

Consequently, the present analysis of EPIC-Norfolk used data from 858 cases and 1,491 controls 

(225 cases with one matching control, 633 cases with two controls). 

Table 1 reports baseline demographic and clinical characteristics, as well as on-treatment 

(IDEAL) or baseline (EPIC-Norfolk) plasma levels of lipids and apolipoproteins per study. Patients in 

IDEAL were somewhat younger than those included in EPIC-Norfolk, and the IDEAL dataset 

contained a higher percentage of males. Levels of HDL cholesterol and apolipoprotein A-I were 

comparable. Levels of total cholesterol, LDL cholesterol and apolipoprotein B were substantially 

lower in IDEAL than in EPIC-Norfolk, reflecting the fact that all IDEAL patients received statin 

therapy, whereas none of the EPIC-Norfolk participants used lipid-lowering medication. 

 

TABLE 1. Demographic, clinical and lipoprotein characteristics of study subjects in IDEAL and EPIC-Norfolk 

 IDEAL (n=8,564) EPIC-Norfolk (n=2,349) 

   

Age, years 61.7 ± 9.4 65.0 ± 7.9 

Gender, % male 80.9 62.7 

Smoking, %   

Current 20.4 11.2 

Former 58.5 50.5 

Never 21.1 38.3 

Body mass index, kg/m2 27.3 ± 3.8 26.6 ± 3.6 

   

Total cholesterol, mg/dL 163.0 ± 33.7 243.9 ± 44.7 

LDL cholesterol, mg/dL 91.7 ± 27.6 160.4 ± 39.8 

HDL cholesterol, mg/dL 46.5 ± 11.9 50.9 ± 15.2 

Apolipoprotein B, g/L 0.94 ± 0.28 1.32 ± 0.31 

Apolipoprotein A-I, g/L 1.39 ± 0.22 1.60 ± 0.30 

Values are presented as mean ± standard deviation or as percentage. Demographic and clinical characteristics 

for IDEAL study subjects presented here are recorded at baseline. Lipid and apolipoprotein values in this study 

are the average from measurements at 3 and 6 months of treatment. To convert values for cholesterol to 

mmol/L, multiply by 0.0259. 
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Relationships between HDL cholesterol, HDL particle size or apolipoprotein A-I and MCE 

Table 2 displays the relationships between levels of HDL cholesterol, HDL particle size (EPIC-

Norfolk only) or apolipoprotein A-I and risk of MCE per study. Without adjustment for 

apolipoprotein A-I and B, HDL cholesterol was significantly and inversely related with MCE risk in 

both studies, as was HDL particle size in EPIC-Norfolk. In IDEAL, one standard deviation increase in 

HDL cholesterol (+11.9 mg/dL, +0.31 mmol/L) was associated with a relative risk of 0.92 (95% CI 

0.85-1.00) and in EPIC-Norfolk (+15.2 mg/dL, +0.39 mmol/L) with an odds ratio of 0.78 (95% CI 

0.70-0.87). A similar increase of HDL particle size in EPIC-Norfolk (+0.48 nm) yielded an odds ratio 

of 0.86 (95% CI 0.78-0.96). When regression models were adjusted for apolipoprotein A-I, risk 

estimates for HDL cholesterol and HDL particle size moved towards unity and lost significance. 

Upon additional adjustment for apolipoprotein B, these risk estimates moved further upwards, 

such that HDL cholesterol (in IDEAL) and HDL particle size (in EPIC-Norfolk) became significantly 

positively related to the occurrence of MCE. 

In the basic regression models, apolipoprotein A-I was negatively related to MCE occurrence 

in both studies (relative risk 0.90; 95% CI 0.83-0.98 in IDEAL and odds ratio 0.79; 95% CI 0.71-0.87 in 

EPIC-Norfolk). Upon adjustment for HDL cholesterol, statistical significance of this relation was lost. 

Adjustment for HDL particle size (EPIC-Norfolk only) had no effect. Upon additional adjustment for 

apolipoprotein B, the relationship for apolipoprotein A-I returned to a significant negative sign 

(relative risk 0.74; 95% CI 0.61-0.90 in IDEAL and odds ratio 0.74; 95% CI 0.62-0.88 in EPIC-Norfolk, 

adjusted for HDL cholesterol and apolipoprotein B or odds ratio 0.69; 95% CI 0.61-0.79 adjusted for 

HDL particle size and apolipoprotein B). 

 

TABLE 2. Risk estimates for a major coronary event per one standard deviation increase of HDL cholesterol, HDL 

particle size and apolipoprotein A-I in the IDEAL and EPIC-Norfolk studies 

 IDEAL  EPIC-Norfolk 

 Relative risk
*
 95% CI P  Odds ratio

*
 95% CI P 

HDL-C        

Basic model† 0.92 0.85-1.00 0.04  0.78 0.70-0.87 <0.0001 

+ ApoA-I 1.05 0.96-1.15 0.59  0.87 0.74-1.03 0.10 

+ ApoA-I + ApoB 1.21 1.01-1.46 0.04  1.07 0.89-1.28 0.49 

HDL size        

Basic model† - - -  0.86 0.78-0.96 0.006 

+ ApoA-I - - -  0.98 0.87-1.11 0.74 

+ ApoA-I + ApoB - - -  1.23 1.07-1.42 0.005 

ApoA-I        

Basic model† 0.90 0.83-0.98 0.01  0.79 0.71-0.87 <0.0001 

+ HDL-C 0.86 0.71-1.03 0.11  0.87 0.74-1.02 0.09 

+ HDL-C + ApoB 0.74 0.61-0.90 0.002  0.74 0.62-0.88 0.001 

+ HDL size - - -  0.79 0.70-0.90 <0.0001 

+ HDL size + ApoB - - -  0.69 0.61-0.79 <0.0001 

HDL-C = HDL cholesterol; apoA-I = apolipoprotein A-I; apoB = apolipoprotein B.  * Risk estimates for a one SD 

increase of HDL-C (11.9 mg/dL in IDEAL; 15.2 mg/dL in EPIC-Norfolk), HDL particle size (0.48 nm in EPIC-

Norfolk) and apoA-I (0.22 g/L in IDEAL; 0.30 g/L in EPIC-Norfolk). † Basic model includes age, gender and 

smoking for IDEAL, and age, gender (matched variables), smoking, body mass index and alcohol consumption 

(units/week) for EPIC-Norfolk. To convert values for cholesterol to mmol/L, multiply by 0.0259. 
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Relationships between subgroups of HDL cholesterol, HDL particle size or apolipoprotein A-I and MCE 

The predefined HDL cholesterol subgroups in IDEAL contained 30.2, 34.4, 24.0, 7.6, 2.5 and 1.3% of 

the study participants. Tables 3 and 4 present risk estimates for subcategories of HDL cholesterol 

levels (table 3), HDL particle size (table 3; EPIC-Norfolk only) and apolipoprotein A-I (table 4), 

calculated by the basic models and following full adjustment for lipoproteins. In the IDEAL study, 

unadjusted analyses showed an inverse trend in MCE risk up to an HDL cholesterol level of 70 

mg/dL (1.81 mmol/L) (relative risk 0.91; 95% CI 0.76-1.09 and 0.77; 95% CI 0.62-0.95 and 0.71; 95% 

CI 0.51-0.99 for the second, third and fourth categories compared to the first, respectively; table 3). 

For the subcategories above 70 mg/dL, the relative risks lost statistical significance (relative risk 

1.03; 95% CI 0.65-1.63 and 0.96; 95% CI 0.51-1.82). This appeared to be due to wider 95% CI’s but 

also due to regression of the point estimates towards unity. No significant linear trend could be 

observed across the subgroups (P for linear trend 0.06). Upon adjustment for apolipoprotein A-I 

and B, the lower HDL cholesterol subcategories were not associated with MCE risk anymore. 

However, patients in the categories above 70 mg/dL were at significantly increased risk (relative  

 

TABLE 3.  Risk estimates for a major coronary event by categories of HDL cholesterol (IDEAL and EPIC-Norfolk) or 

HDL particle size (EPIC-Norfolk), unadjusted or adjusted for apolipoproteins A-I and B. 

 
Subgroup MCE 

Risk 

estimate 
95% CI P 

Risk 

estimate 
95% CI P 

HDL-C, mg/dL (mmol/L)  Basic model* + ApoA-I + ApoB 

<40 (<1.03) 222 1.00 -  1.00 -  

40-49 (1.03-1.29) 238 0.91 0.76-1.09 0.30 1.10 0.88-1.37 0.42 

50-59 (1.29-1.55) 145 0.77 0.62-0.95 0.02 1.12 0.81-1.55 0.50 

60-69 (1.55-1.81) 44 0.71 0.51-0.99 0.04 1.25 0.76-2.04 0.37 

70-79 (1.81-2.07) 20 1.03 0.65-1.63 0.91 2.19 1.12-4.28 0.02 

>80 (>2.07) 10 0.96 0.51-1.82 0.90 2.49 1.04-5.95 0.04 

P trend  0.06   0.08   

ID
E

A
L

 

HDL-C, mg/dL (mmol/L)  Basic model† + ApoA-I + ApoB 

<42.5 (<1.10) 390 1.00 -  1.00 -  

42.5-54.1 (1.10-1.40) 259 0.73 0.59-0.91 0.006 0.98 0.76-1.26 0.87 

54.1-69.6 (1.40-1.80) 141 0.60 0.46-0.78 <0.0001 1.00 0.70-1.43 0.99 

69.6-81.2 (1.80-2.10) 35 0.52 0.33-0.84 0.007 1.11 0.62-1.98 0.73 

81.2-96.7 (2.10-2.50) 26 0.60 0.35-1.03 0.07 1.47 0.75-2.89 0.26 

>96.7 (>2.50) 7 0.41 0.16-1.02 0.05 1.41 0.50-3.97 0.52 

P trend  <0.0001   0.40   

HDL size, nm  Basic model† + ApoA-I + ApoB 

<8.60 293 1.00 -  1.00 -  

8.60-9.05 319 0.98 0.78-1.23 0.84 1.34 1.05-1.72 0.02 

9.05-9.53 165 0.64 0.49-0.84 0.001 1.20 0.87-1.64 0.27 

9.53-9.85 56 0.83 0.60-1.22 0.33 1.99 1.25-3.16 0.004 

9.85-10.07 16 0.78 0.41-1.47 0.43 2.32 1.12-4.77 0.02 

>10.07 9 1.01 0.44-2.34 0.98 3.49 1.37-8.89 0.009 

E
P

IC
-N

o
r
fo

lk
 

P trend  0.03   0.003   

Risk estimate indicates relative risk for IDEAL and odds ratio for EPIC-Norfolk; MCE = number of major coronary 

events in each subcategory; HDL-C = HDL cholesterol; apoA-I = apolipoprotein A-I; apoB = apolipoprotein B.  

*Basic model includes age, gender and smoking; †Basic model includes age and gender as matching factors, 

and smoking, body mass index and alcohol consumption (units/week).  
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risk 2.19; 95% CI 1.12-4.28 and 2.49; 95% CI 1.04-5.95 in fifth and sixth category, respectively; table 

3). Again, no significant linear trend was observed (P for linear trend 0.08).  

In EPIC-Norfolk, an inverse relationship for HDL cholesterol was present in the basic 

regression model (P for linear trend <0.0001; table 3). In line with the analyses presented in table 2, 

additional adjustment for apolipoprotein A-I and B resulted in loss of significance for all 

subcategories (P for linear trend 0.40). A similar analysis for HDL particle size showed a significant 

downward trend for the unadjusted risk estimates (P for linear trend 0.03), although most 

subgroups were not statistically significantly related to MCE. Upon full adjustment for 

apolipoprotein A-I and B, the risk estimates for the fourth, fifth and sixth subcategories indicated a 

significantly increased MCE risk for people in those categories compared to those in the reference 

group (odds ratio 1.99; 95% CI 1.25-3.16 and 2.32; 95% CI 1.12-4.77 and 3.49; 95% CI 1.37-8.89, 

respectively; table 3), with a statistically significant positive trend (P for linear trend 0.003). 

Table 4 shows risk estimates for apolipoprotein A-I, with additional adjustment for 

apolipoprotein B and HDL cholesterol, or apolipoprotein B and HDL particle size (EPIC-Norfolk  

 

Table 4. Risk estimates for a major coronary event by categories of apolipoprotein A-I in IDEAL and EPIC-Norfolk, 

unadjusted or adjusted for HDL cholesterol content and apolipoprotein B. 

 Subgroup MCE  Risk 

estimate 

95% CI P  Risk 

estimate 

95% CI P 

ApoA-I (g/L)   Basic model*  + HDL-C + ApoB 

<1.25 239  1.00 -   1.00 -  

1.25-1.45 247  0.85 0.71-1.02 0.07  0.79 0.63-0.98 0.03 

1.45-1.65 133  0.77 0.62-0.95 0.02  0.67 0.48-0.94 0.02 

1.65-1.80 37  0.75 0.53-1.07 0.12  0.63 0.38-1.05 0.08 

1.80-1.95 13  0.77 0.44-1.36 0.37  0.64 0.31-1.34 0.24 

>1.95 10  0.93 0.49-1.75 0.81  0.71 0.29-1.75 0.46 

ID
E

A
L

 

P trend   0.03    0.05   

ApoA-I (g/L)   Basic model†  + HDL-C + ApoB 

<1.43 314  1.00 -   1.00 -  

1.43-1.67 280  0.65 0.52-0.82 <0.0001  0.68 0.53-0.88 0.003 

1.67-1.96 187  0.64 0.49-0.82 0.001  0.71 0.51-1.00 0.05 

1.96-2.21 57  0.68 0.46-1.00 0.052  0.78 0.47-1.31 0.35 

2.21-2.43 11  0.30 0.15-0.62 0.001  0.40 0.17-0.92 0.03 

>2.43 9  0.69 0.30-1.61 0.40  0.83 0.30-2.25 0.71 

P trend   <0.0001    0.10   

ApoA-I (g/L)   Basic model†  + HDL particle size + ApoB 

<1.43 314  1.00 -   1.00 -  

1.43-1.67 280  0.65 0.52-0.82 <0.0001  0.62 0.49-0.78 <0.0001 

1.67-1.96 187  0.64 0.49-0.82 0.001  0.56 0.42-0.76 <0.0001 

1.96-2.21 57  0.68 0.46-1.00 0.052  0.56 0.36-0.88 0.01 

2.21-2.43 11  0.30 0.15-0.62 0.001  0.26 0.12-0.55 <0.0001 

>2.43 9  0.69 0.30-1.61 0.40  0.50 0.20-1.27 0.15 

E
P
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-N

o
r
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P trend   <0.0001    <0.0001   

Risk estimate indicates relative risk for IDEAL and odds ratio for EPIC-Norfolk; MCE = number of major coronary 

events in each subcategory; 95% CI = 95% confidence interval; HDL-C = high-density lipoprotein cholesterol; 

apoA-I = apolipoprotein A-I; apoB = apolipoprotein B. * Basic model includes age, gender and smoking; †Basic 

model includes age and gender as matching factors, and smoking, BMI and alcohol consumption (units/week). 
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only). Across the apolipoprotein A-I subcategories, unadjusted risk estimates were significantly 

inversely associated with MCE risk in both studies (P for linear trend 0.03 in IDEAL and <0.0001 in 

EPIC-Norfolk). Following full adjustment, apolipoprotein A-I remained a significant protective MCE 

risk factor in some subgroups, whereas it lost statistical significance in others. Loss of statistical 

significance was particularly observed in the tails of the apolipoprotein A-I distributions, probably 

due to loss of statistical power. Importantly, none of the apolipoprotein A-I subcategories 

demonstrated a switch towards increased MCE risk. 

Collectively, upon adjustment for apolipoprotein A-I and B, the plasma concentration of HDL 

cholesterol was positively related to MCE risk in the IDEAL study, albeit that this effect was limited 

to very high levels of this lipid parameter (>70 mg/dL, >1.81 mmol/L; figure 1A). In EPIC-Norfolk, a 

similar pattern was observed for NMR-measured HDL particle size, with increased risk estimates 

restricted to the highest categories of this parameter (figure 1B). In contrast, apolipoprotein A-I 

remained a protective factor in both studies when full adjustment was performed (figure 2). The 

risk estimates lost statistical significance in some subgroups probably due to a limited power, but 

apolipoprotein A-I did not appear to turn into a significant risk factor at the highest plasma levels. 

 

 

 

 

 

 

 

 

 

Figure 1 – Adjusted risk estimates for subgroups of HDL cholesterol (IDEAL; A) and HDL particle size (EPIC-

Norfolk; B), with the first category as reference group. All risk estimates were calculated taking into account 

age, sex, smoking (IDEAL) and also body mass index and alcohol consumption (units/week) (EPIC-Norfolk). 

 

 

 
 

Figure 2 – Adjusted risk estimates for subgroups of apolipoprotein A-I in IDEAL (A) and EPIC-Norfolk (B), with 

the first category as reference group. All risk estimates were calculated taking into account age, sex, smoking 

(IDEAL) and also body mass index and alcohol consumption (units/week) (EPIC-Norfolk). 
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DISCUSSION 

 

In the present analysis of the IDEAL and EPIC-Norfolk studies, we assessed the relationships of HDL 

cholesterol, HDL particle size and apolipoprotein A-I with risk of MCE. After adjustment for 

apolipoproteins A-I and B, HDL cholesterol (in IDEAL) and HDL particle size (in EPIC-Norfolk) 

became significantly positively related to MCE occurrence in the highest categories of the 

distribution. In contrast, apolipoprotein A-I exhibited no positive relationship with MCE in any 

model, although statistical significance was lost in some subgroups probably due to limited 

statistical power. 

 

Comparison with other studies 

Our observation that very high plasma HDL cholesterol and very large HDL particles are associated 

with increased CAD risk is remarkable. Unfortunately, the number of studies reporting associations 

for HDL cholesterol following adjustment for apolipoprotein A-I and for the pro-atherogenic lipid 

fraction is rather modest. In fact, such data are only available from two post-hoc analyses, the first 

performed in the Prospective Epidemiological Study of Myocardial Infarction (PRIME study) (13), 

and the second in the Atherosclerosis Risk in Communities (ARIC) Study (14). The PRIME study 

reported loss of association for HDL cholesterol upon adjustment for apolipoprotein A-I, LDL 

cholesterol and triglycerides, and the ARIC study showed that HDL cholesterol remained 

negatively associated with CAD risk following adjustment for apolipoproteins A-I and B. These 

results clearly differ from the observations in the present study. The numerous differences, 

however, between the PRIME, ARIC and IDEAL studies in terms of study design, study size, patient 

eligibility, and laboratory and statistical methodology prevent any further insights or comparisons. 

Of note, the PRIME and ARIC studies did not include HDL cholesterol subgroup analysis, and 

therefore any positive relationship with MCE at high levels of HDL cholesterol may remain 

undetected. No large studies are available that prospectively investigated the relationship 

between NMR-measured HDL particle size and risk of CAD. The prevailing view is that an increased 

concentration of large HDL particles confers lower CAD risk (15), but this conclusion relies on the 

observation that larger HDL particles are virtually absent in subjects with overt CAD (16). Taken 

together, the current literature does not contain data as provided by the present analysis in the 

IDEAL and EPIC-Norfolk studies. Therefore, comparable analyses in other datasets with robust 

statistical power are urgently needed to validate these remarkable findings. Of note, simple 

quartile or even quintile analyses in our datasets did not detect the observed increased risk at the 

ends of the distributions for HDL cholesterol and HDL particle size (data not shown), emphasizing 

the need to focus on extreme values for these parameters in future studies. Also, prospective 

epidemiological data are required to delineate the exact nature of the apparent non-linear 

relationships for both parameters, as could not be accurately deduced from our data. 
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Biological considerations 

Our data suggest that very high values of plasma HDL cholesterol and HDL particle size can confer 

increased risk of atherosclerotic disease. Although this epidemiological observation parallels the 

findings of some previous animal studies (17-19), there is as of yet no clear biological explanation 

how HDL can become pro-atherogenic. This only permits speculation. First, some of the exchange 

of cholesterol esters between HDL and peripheral cells is known to be bidirectional, in part 

mediated by the scavenger receptor class B1 (SR-B1) (20). This observation gives rise to the 

hypothesis that very large HDL, which are cholesterol enriched, may at some point become a 

cholesterol donor instead of acceptor. Second, although it has widely been acknowledged that the 

anti-inflammatory capacity of HDL contributes to its anti-atherogenic potency, several studies 

have demonstrated that HDL can also turn into a pro-inflammatory particle (reviewed by (21)). 

Possibly, via these two latter mechanisms, a very high plasma concentration of large HDL particles 

might in fact induce a pro-atherogenic lipoprotein profile. However, whether any of these two 

mechanisms has any physiological relevance in humans needs certainly to be confirmed in further 

studies. 

Whereas very high plasma HDL cholesterol and very large HDL particles are associated with 

increased risk in the present study, our data showed apolipoprotein A-I to remain protective 

across the major part of its distribution. Most importantly, this parameter did not exhibit a switch 

towards a positive relationship at higher levels. This may support apolipoprotein A-I as an active 

component of HDL particles, possibly defining the atheroprotective capacity of this lipoprotein 

fraction. Indeed, several experimental studies have pointed to a crucial role for apolipoprotein A-I 

in the protection against atherosclerosis (22, 23). 

 

Clinical implications 

The results from the present study may have several clinical implications. First of all, cardiovascular 

risk management may be more accurate if risk assessment relies on more precise measurements of 

HDL metabolism than HDL cholesterol. Given that high plasma apolipoprotein A-I more uniformly 

represents lower risk, this widely available parameter may be a valuable alternative marker. 

However, it might also be useful to develop novel biomarkers that actually provide information 

about HDL functionality. Second, the results of the present study may have important 

consequences for the development of pharmacological strategies that target the HDL pathway in 

order to decrease risk of atherosclerotic disease. Based on these data, interventions that primarily 

raise plasma HDL cholesterol but do not or hardly change apolipoprotein A-I levels may not be 

expected to have potent beneficial effects on atherosclerosis. More importantly, such strategies 

may even increase risk of atherosclerotic disease when achieving very high levels of HDL 

cholesterol and hence HDL particle size. In contrast, given the present results, it can be 

hypothesized that strategies primarily raising plasma apolipoprotein A-I levels with small 

molecular compounds, infusion of small lipid-poor apolipoprotein A-I particles or apolipoprotein 

A-I gene therapy (24) will have a more pronounced effect on atherogenesis. 
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Limitations 

The present study has several limitations. First, the IDEAL and EPIC-Norfolk studies differ 

substantially in terms of baseline characteristics, study design, methods and outcome validation. 

Importantly, all IDEAL participants used statin therapy during follow-up, whereas none of the EPIC-

Norfolk participants did. However, statin treatment is known to have only limited effects on 

plasma HDL cholesterol and apolipoprotein A-I concentrations (25), and the relationship of HDL 

cholesterol to CAD occurrence has been shown to be unaffected by statin therapy (26). Second, 

the IDEAL dataset did not contain information on alcohol consumption, which is widely known to 

affect plasma HDL cholesterol, apolipoprotein A-I and risk of cardiovascular disease. However, 

exclusion of this parameter from the statistical model in EPIC-Norfolk did hardly affect the results 

(data not shown). Third, fasting samples were used in IDEAL for laboratory measurements, 

whereas non-fasting measurements were performed in EPIC-Norfolk. This difference is not 

expected to induce significant confounding of our observations, since time of fasting hardly if at 

all affects the parameters used in the present study. Fourth, in contrast to the EPIC-Norfolk study, 

the use of lipoprotein parameters measured at 3 and 6 months in the IDEAL study resulted in the 

exclusion of some early events that occurred before these measurements. Finally, given the small 

number of patients having very high HDL cholesterol, HDL particle size or apolipoprotein A-I, the 

power to detect risk estimates at the far end of their distributions is limited. Despite these 

limitations, the fact that comparable findings were observed in substantially different study 

populations and different study designs might support the validity of our findings. 

 

Final conclusions 

In summary, our data suggest that very high plasma HDL cholesterol and very large HDL particles 

may represent increased CAD risk when levels of apolipoprotein A-I and B remain unaffected. In 

contrast, apolipoprotein A-I appears not to turn into a significant risk factor at high plasma 

concentrations. These observations may have important consequences for future CAD risk 

assessment and novel treatment strategies. 
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ABSTRACT 

 

Background – An elevated apolipoprotein B to A-I ratio (apolipoprotein B/A-I) is a risk factor for 

future coronary artery disease (CAD). It is not known whether this ratio is better for risk assessment 

and prediction than are traditional lipid values, and whether it adds predictive value to the 

Framingham risk score. 

Objective – To evaluate whether the apolipoprotein B/A-I ratio is associated with future CAD 

events independent of traditional lipid measurements and the Framingham risk score, and to 

evaluate the ability of this ratio to predict occurrence of future CAD. 

Design – Prospective nested case–control study. 

Setting – Norfolk, United Kingdom. 

Participants – Apparently healthy men and women (45 to 79 years of age) who were participating 

in the European Prospective Investigation into Cancer and Nutrition (EPIC)-Norfolk study. Cases 

(n=869) were persons who developed fatal or nonfatal CAD. Controls (n=1,511) were persons 

without CAD who were matched for age, sex, and enrolment period. 

Measurements – Total cholesterol, high-density lipoprotein (HDL) cholesterol, triglycerides, 

apolipoproteins, and C-reactive protein were measured directly. Low-density lipoprotein (LDL) 

cholesterol values were calculated by using the Friedewald formula. 

Results – The apolipoprotein B/A-I ratio was associated with future CAD events, independent of 

traditional lipid values (adjusted odds ratio 1.85; 95% CI 1.15-2.98), including the total to HDL 

cholesterol ratio (total/HDL cholesterol), and independent of the Framingham risk score (adjusted 

odds ratio 1.77; 95% CI 1.31-2.39). However, it did no better than lipid values at predicting future 

CAD events (area under the receiver-operating characteristic curve 0.670 for total/HDL cholesterol 

ratio versus 0.673 for apolipoprotein B/A-I ratio, P=0.38) and did not add further to the predictive 

value of the Framingham risk score (area under the receiver-operating characteristic curve 0.594 

for Framingham risk score alone versus 0.617 for Framingham risk score plus apolipoprotein B/A-I 

ratio, P<0.001). 

Limitations – No participant was taking lipid-lowering medication, and diabetes was uncommon. 

Conclusions – The apolipoprotein B/A-I ratio is independently associated with, but adds little to, 

existing measures for CAD risk assessment and prediction in the general population. Other 

characteristics of the test, such as the ability to perform it on non-fasting samples, may still make it 

useful in some settings. 

 

 

Abbreviations – apolipoprotein B/A-I, ratio of apolipoprotein B to A-I; AUC, area under the curve; 

CAD, coronary artery disease; EPIC, european prospective investigation into cancer and nutrition; 

HDL, high-density lipoprotein; LDL, low-density lipoprotein; ROC, receiver-operating characteristic; 

total/HDL cholesterol, ratio of total to HDL cholesterol  
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INTRODUCTION 

 

Low-density lipoprotein (LDL) cholesterol is a primary treatment target in coronary artery disease 

(CAD) prevention guidelines (1), but it is a poor predictor of future cardiovascular events (2). 

Similarly, the ratio of total cholesterol to high-density lipoprotein (HDL) cholesterol (total/HDL 

cholesterol) is a potent risk factor for CAD (3, 4), but it improves CAD risk prediction only modestly 

(5). 

Apolipoproteins B and A-I are the main structural proteins of atherogenic lipoproteins and 

HDL particles, respectively. In theory, the ratio of apolipoprotein B to A-I (apolipoprotein B/A-I) 

could improve lipoprotein-related cardiovascular risk prediction. Apolipoprotein B levels reflect 

the entire spectrum of pro-atherogenic particles, including very-low-density, intermediate-density, 

and low-density lipoproteins, whereas LDL cholesterol levels do not (6). Apolipoprotein B levels 

also provide a good measure of the number of LDL particles, which reflects the atherogenicity of 

LDL (7, 8). In addition, apolipoprotein A-I is more important than the HDL cholesterol content for 

biochemical pathways that make HDL anti-atherogenic, including adenosine triphosphate binding 

cassette A-1–mediated cellular cholesterol efflux (9), lecithin-cholesteryl acyltransferase–mediated 

maturation of HDL particles (10), and several anti-oxidative processes (11). Besides these 

physiologic considerations, apolipoprotein assessment does not require fasting blood samples (6), 

which greatly facilitates logistics at outpatient clinics. Collectively, these considerations have led to 

recommendations to implement the apolipoprotein B/A-I ratio in routine clinical care (12). 

Studies before 1993 focusing on the relationship between apolipoprotein levels and CAD 

incidence have reported inconsistent results (13-17). These discrepancies are largely attributable 

to the lack of standardization of the laboratory tests at that time. Since the introduction of 

standardized reference materials by the International Federation of Clinical Chemistry (18, 19), 

large studies, such as the AMORIS (Apolipoprotein-related Mortality RISk) (20) and INTERHEART 

(21), have unambiguously demonstrated that the apolipoprotein B/A-I ratio is a robust risk factor 

for future CAD events. However, these studies did not address the crucial question of whether the 

apolipoprotein B/A-I ratio predicts those events better than traditional lipid values do. 

We sought to evaluate whether the apolipoprotein B/A-I ratio is associated with future CAD 

events, independent of traditional lipid-based variables and of the Framingham risk score (22), and 

to evaluate the ability of the ratio to predict CAD events. 

 

 

METHODS 

 

Design 

We performed a nested case-control study among participants of the European Prospective 

Investigation into Cancer and Nutrition (EPIC)-Norfolk study. The EPIC-Norfolk study was a 

prospective population study of 25,663 men and women 45 to 79 years of age residing in Norfolk, 
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United Kingdom, who completed a baseline questionnaire survey and attended a clinic visit (23). 

Participants were recruited from age and sex registers of general practices in Norfolk as part of the 

10-country collaborative EPIC study, which was designed to investigate dietary and other 

determinants of cancer. Additional data were obtained in EPIC-Norfolk so that determinants of 

other diseases could also be assessed. 

The design and methods of EPIC-Norfolk are described in detail elsewhere (23). In short, 

eligible participants were recruited by mail. At the baseline survey between 1993 and 1997, 

participants completed a detailed health and lifestyle questionnaire. Non-fasting blood samples 

were obtained by vein puncture into plain and citrate bottles. Blood samples were processed for 

assay at the Department of Clinical Biochemistry, University of Cambridge, or stored at –80 °C. All 

participants were flagged for death certification at the United Kingdom Office of National 

Statistics, and vital status was ascertained for the entire cohort. In addition, participants admitted 

to hospital were identified by using their unique National Health Service number through data 

linkage with the East Norfolk Health Authority database, which identifies all hospital contacts 

throughout England and Wales for residents of Norfolk. CAD was defined as codes 410 through 

414 of the International Classification of Diseases, 9th Revision. Participants were identified as 

having CAD during follow-up if they had a hospital admission or died with CAD as underlying 

cause. Previous validation studies in our cohort indicate high specificity for such case 

ascertainment (24). The study was approved by the Norwich District Health Authority Ethics 

Committee, and all participants gave signed informed consent. 

 

Participants 

We describe elsewhere a similarly designed nested case–control study (24-26). Extension of follow-

up has resulted in the identification of more CAD cases, allowing the current study to be 

considerably larger. We excluded all persons who reported a history of heart attack or stroke or 

use of lipid-lowering drugs at the baseline clinic visit. Cases were persons who developed fatal or 

nonfatal CAD during follow-up until November 2003 (mean follow-up, 6 years). Controls were 

study participants who remained free of any cardiovascular disease during follow-up. We matched 

2 controls to each case by age (within 5 years), sex, and time of enrollment (within 3 months). 

 

Biochemical analyses 

Serum total cholesterol, HDL cholesterol, and triglycerides were measured in fresh samples by 

using the RA-1000 analyzer (Bayer Diagnostics, Basingstoke, United Kingdom). LDL cholesterol 

levels were calculated by using the Friedewald formula (27) to closely approach current clinical 

procedures. Non-HDL cholesterol was calculated as total cholesterol minus HDL cholesterol. 

Serum apolipoprotein A-I and apolipoprotein B were measured by using rate 

immunonephelometry (Behring Nephelometer BNII, Marburg, Germany) with calibration traceable 

to the International Federation of Clinical Chemistry primary standards (28). The interassay 

coefficients of variation were 5% for apolipoprotein A-I and 3% for apolipoprotein B. Plasma C-
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reactive protein was measured by using a sandwich-type enzyme-linked immunosorbent assay, as 

described elsewhere (29). Samples were analyzed in random order to avoid systematic bias. 

Researchers and laboratory personnel were blinded to identifiable information and could identify 

samples by number only. 

 

Statistical analysis 

Statistical analyses were performed by using SPSS software, version 12.0.1 (SPSS, Inc., Chicago, 

Illinois). A P value less than 0.05 was considered statistically significant. Before being used as 

continuous variables in the analyses, triglycerides were log-transformed to approach a normal 

distribution more closely. Baseline characteristics were compared between cases and controls, 

taking into account the matching. A mixed-effects model was used for continuous variables, and 

conditional logistic regression was used for categorical variables. 

To evaluate the association between a risk factor and occurrence of CAD, odds ratios and 

corresponding 95% confidence intervals (95% CI’s) were calculated by using conditional logistic 

regression analysis, taking into account matching for sex, age, and time of enrolment (30). Odds 

ratios were calculated per quartile of each risk factor, on the basis of the distribution among 

controls. The first quartile was used as the reference group (odds ratio 1.00). P values represent 

significance for linearity across the odds ratios connected to the 4 quartiles of each risk factor. 

First, we calculated odds ratios per quartile of total cholesterol, LDL cholesterol, HDL cholesterol, 

and non-HDL cholesterol levels and the total/HDL cholesterol and apolipoprotein B/A-I ratios 

(model 1). We selected the 2 variables with the highest odds ratios in the fourth quartile (the 

apolipoprotein B/A-I ratio and total/HDL cholesterol ratio), then fit a model for each ratio that 

adjusted for diabetes (yes or no), body mass index, smoking (yes or no), systolic blood pressure, 

and C-reactive protein level (model 2). We then added variables for LDL cholesterol and HDL 

cholesterol (model 3a) and for triglycerides (model 3b). We then entered apolipoprotein B/A-I and 

total/HDL cholesterol ratios simultaneously into a new model that adjusted for all major 

cardiovascular risk factors. Finally, to assess the association of the apolipoprotein B/A-I ratio with 

CAD independent of the Framingham risk score, we categorized all participants into 3 risk groups 

(<10%, low; 10-20%, intermediate; >20%, high) based on the Framingham risk score algorithm (22, 

31) and calculated odds ratios for future CAD by quartile of the apolipoprotein B/A-I ratio, with 

adjustment for the Framingham risk score category. 

To evaluate the ability of the apolipoprotein B/A-I ratio to predict the occurrence of CAD (that 

is, to discriminate between patients who will and will not develop a future CAD event) we 

constructed receiver-operating characteristic (ROC) curves (32, 33) and calculated the areas under 

the curves (AUCs) from regression models that included apolipoprotein B/A-I or total/HDL 

cholesterol ratio, plus diabetes mellitus (yes or no), body mass index, smoking (yes or no), systolic 

blood pressure, and C-reactive protein level. We used bootstrapping of the ROC curves to calculate 

the statistical significance of the differences in AUCs (34, 35). Similarly, we evaluated differences in 
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AUCs when the apolipoprotein B/A-I ratio was added to a model including the Framingham risk 

score (on a continuous scale). 

To provide a clinical view of the value of the apolipoprotein B/A-I ratio for risk prediction, we 

used logistic regression analysis to calculate the predicted probability of being a case or control in 

the study sample, comparing prediction models with the apolipoprotein B/A-I ratio or total/HDL 

cholesterol ratio and adjusting for diabetes mellitus (yes or no), body mass index, smoking (yes or 

no), systolic blood pressure, and C-reactive protein level. We categorized the predicted probability 

values into 4 subgroups (0 to 0.25, 0.25 to 0.50, 0.50 to 0.75, and 0.75 to 1.00) to assess the number 

of participants reclassified by apolipoprotein B/A-I ratio into a different category of probability. 

 

Role of the funding sources 

The EPIC-Norfolk study is supported by program grants from the Medical Research Council United 

Kingdom and Cancer Research United Kingdom and receives additional support from the 

European Union, Stroke Association, British Heart Foundation, United Kingdom Department of 

Health, Food Standards Agency, and the Wellcome Trust. Some of the lipid and apolipoprotein 

measurements described in this article were funded by an educational grant from the Future 

Forum. The funding sources had no role in study design, conduct, analysis, or decision to submit 

the manuscript for publication. 

 

 

RESULTS 

 

Baseline characteristics 

We identified 869 persons who did not report a history of cardiovascular disease at the baseline 

visit but developed CAD during follow-up. Of these, 611 persons (70.3%) had nonfatal events and 

258 (29.7%) had fatal events. We were able to match 642 cases to 2 controls and 227 cases to 1 

control; thus, the control group comprised 1,511 people. Because of matching, sex distribution 

and age were similar between cases and controls (table 1). As expected, cases were more likely 

than controls to smoke and have diabetes (table 1). Body mass index, systolic and diastolic blood 

pressure, and total cholesterol, LDL cholesterol, non-HDL cholesterol, triglycerides, apolipoprotein 

B, and C-reactive protein values were also statistically significantly higher in cases than controls, 

whereas HDL cholesterol and apolipoprotein A-I values were statistically significantly lower (table 

1). The apolipoprotein B/A-I ratio was statistically significantly higher in cases. The patterns for 

these differences were similar when cases were divided into fatal and nonfatal events and when 

men and women were analyzed separately (data not shown). 

 

Analysis of association 

In unadjusted analyses (table 2), the odds ratio for future CAD increased per quartile of total 

cholesterol level, LDL cholesterol level, non-HDL cholesterol level, total/HDL cholesterol ratio and  
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TABLE 1.  Baseline characteristics of men and women with incident coronary artery disease and age- and sex-

matched controls in the EPIC-Norfolk study 

Risk factor Controls (n = 1,511) Cases (n = 869) P 

Men, n (%) 942 (62.3) 553 (63.6) Matched 

Age, years 65 ± 8 65 ± 8 Matched 

Smoking status, n (%)   <0.001 

Current 123 (8.2) 138 (16.1)  

Former 749 (50.2) 439 (51.1)  

Never 620 (41.6) 282 (32.8)  

Diabetes, n (%) 25 (1.7) 53 (6.1) <0.001 

Body mass index, kg/m2 26.2 ± 3.4 27.3 ± 3.9 <0.001 

Systolic blood pressure, mmHg 139 ± 18 144 ±19 <0.001 

Diastolic blood pressure, mmHg 84 ± 11 86 ±12 <0.001 

Total cholesterol, mmol/L 6.2 ± 1.1 6.4 ± 1.2  

LDL cholesterol, mmol/L 4.1 ± 1.0 4.3 ± 1.1  

HDL cholesterol, mmol/L 1.35 ± 0.40 1.26 ± 0.37  

Non-HDL cholesterol, mmol/L 4.9 ± 1.1 5.2 ± 1.2  

Triglycerides†, mmol/L 1.6 [1.1–2.2] 1.8 [1.3–2.6]  

Apolipoprotein A-I, g/L 1.62 ± 0.30 1.55 ± 0.30 <0.001 

Apolipoprotein B, g/L 1.29 ± 0.30 1.37 ± 0.32 <0.001 

Apolipoprotein B/A-I 0.82 ± 0.23 0.91 ± 0.26 <0.001 

C-reactive protein, mg/L 1.5 [0.7–3.1] 2.3 [1.1–4.9] <0.001 

Data are presented as number (%), means ± standard deviation or median [interquartile range]. Cases and 

matched controls were compared by using conditional logistic regression for categorical variables and mixed-

effects model for continuous variables. †Triglyceride levels were log-transformed before analysis 

 
 

apolipoprotein B/A-I ratio and decreased per quartile of HDL cholesterol level (P<0.001 for all). 

Similar patterns were observed when men and women were analyzed separately. Estimates of risk 

were highest for the total/HDL cholesterol ratio (odds ratio for highest versus lowest quartile 2.57; 

95% CI 1.98-3.33; P<0.001 for linearity) and apolipoprotein B/A-I ratio (odds ratio 2.64; 95% CI 2.04-

3.42; P<0.001 for linearity). Adjustment for major cardiovascular risk factors (model 2 in table 3) 

had little effect on the apolipoprotein B/A-I ratio estimate, whereas adjustment for LDL and HDL 

cholesterol levels (model 3a in table 3) and triglyceride level (model 3b in table 3) reduced it 

slightly (odds ratio for apolipoprotein B/A-I ratio 1.85; 95% CI 1.15-2.98; P=0.01 for linearity; model 

3b). Separate analyses for men and women yielded similar patterns. In a multivariable analysis that 

adjusted for total/HDL cholesterol and apolipoprotein B/A-I ratios simultaneously, the total/HDL 

cholesterol ratio lost statistical significance (table 4) but the apolipoprotein B/A-I ratio remained 

statistically significant (odds ratio for highest versus lowest quartile 2.03; 95% CI 1.23-3.36; P=0.006 

for linearity) (table 4). The ratio also remained significant in an analysis that adjusted for the 

Framingham risk score (odds ratio 1.77; 95% CI 1.31-2.39; P<0.001 for linearity). 
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TABLE 4.  Odds ratios for future coronary artery disease, by quartile of total/HDL cholesterol and apolipoprotein 

B/A-I ratio both entered into one model 

Ratio Quartile 1 Quartile 2 Quartile 3 Quartile 4 P 

TC/HDL-C 1.00 1.08 1.22 1.23 0.5 

   (0.75–1.56)  (0.78–1.93)  (0.72–2.11)  

ApoB/A-I 1.00 1.28 1.44 2.03 0.006 

   (0.88–1.86)  (0.93–2.24)  (1.23–3.36)  

Odds ratios were calculated by using conditional logistic regression that took into account matching for sex, 

age, and time to enrolment and was adjusted for diabetes (yes or no), body mass index, smoking status (yes or 

no), systolic blood pressure, C-reactive protein level, and log-transformed triglyceride level.  TC/HDL-C = 

total/HDL cholesterol ratio, apoB/A-I = apolipoprotein B/A-I. 

†For linear trend. 

 

 

Analysis of discriminative ability 

Areas under the ROC curves derived from models that adjusted for total/HDL cholesterol ratio or 

apolipoprotein B/A-I ratio plus several major cardiovascular risk factors (diabetes, body mass 

index, smoking, systolic blood pressure, and C-reactive protein level) did not statistically 

significantly differ (0.670 for total/HDL cholesterol ratio versus 0.673 for apolipoprotein B/A-I ratio; 

P=0.38). Areas under the ROC curves derived from adjustment for the Framingham risk score 

without and with the apolipoprotein B/A-I ratio differed significantly in statistical but not clinical 

terms (0.594 for Framingham risk score alone versus 0.613 for Framingham risk score plus 

apolipoprotein B/A-I ratio; P<0.001). 

The models using apolipoprotein B/A-I ratio or total/HDL cholesterol ratio to predict the 

probability of being a case or control in the study sample categorized 749 of 834 cases (89.8%) and 

1,336 of 1,469 controls (90.9%) similarly (table 5). Eighty-five cases and 133 controls were 

reclassified by the apolipoprotein B/A-I ratio. Of the 85 cases, 35 (41.1%) were reclassified into 

lower categories of probability. Of the 133 controls, 67 (50.4%) were reclassified into higher 

categories of probability. 

 

 

TABLE 5.  Observed number of patients in each group of predicted probability of coronary artery disease, by 

total/HDL cholesterol ratio or apolipoprotein B/ A-I ratio 

Predicted probability based on total/HDL cholesterol ratio Predicted probability based on 

apolipoprotein B/A-I ratio 0–0.25 0.25–0.50 0.50–0.75 0.75–1.00 

0 –0.25 77/374 10/54 0/0 0/0 

0.25–0.50 16/32 502/848 22/11 0/0 

0.50–0.75 0/0 30/29 142/110 3/1 

0.75 –1.00 0/0 0/0 4/6 28/4 

Probability of being considered a case or control (n/n) in the study sample. Values were calculated by using a 

logistic regression model that included total/HDL cholesterol ratio or apolipoprotein B/A-I ratio plus diabetes 

(yes or no), body mass index, smoking status (yes or no), systolic blood pressure, C-reactive protein level. 
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DISCUSSION 

 

Recent studies have convincingly shown that the apolipoprotein B/A-I ratio is strongly associated 

with future CAD (20, 21). This association, and the ability to perform apolipoprotein measurements 

on non-fasting blood samples, have led to recommendations that the apolipoprotein B/A-I ratio 

be used in routine clinical care (12). The recommendation cannot be fully justified, however, until 

the apolipoprotein B/A-I ratio is shown to be associated with CAD independent of traditional lipid 

variables and to be better at predicting future CAD events. 

 

Comparison with other studies 

The 2 largest studies in this field, AMORIS (20) and INTERHEART (21), did not report whether the 

association between the apolipoprotein B/A-I ratio and CAD was independent of traditional lipid 

variables. In the AMORIS study, LDL cholesterol and HDL cholesterol were indirectly estimated 

from total cholesterol, triglyceride, and apolipoprotein A-I values, which precluded simultaneous 

use of these variables in 1 statistical model. In INTERHEART, LDL cholesterol and HDL cholesterol 

were measured directly, but these values were not incorporated in the statistical analyses. Earlier 

data from the Québec Cardiovascular Study showed that apolipoprotein B level was associated 

with CAD independent of LDL cholesterol level, but apolipoprotein A-I level was not associated 

with CAD independent of HDL cholesterol level (7). The Prospective Epidemiological Study of 

Myocardial Infarction (PRIME) reported that apolipoprotein A-I level was associated with CAD 

independent of HDL cholesterol level (36). Data from the Atherosclerosis Risk in Communities 

study suggested that apolipoprotein A-I and B levels no longer contributed to CAD risk prediction 

when considered together with traditional lipid values (37). However, the apolipoproteins were 

quantified by using radial immunodiffusion, a technique that has known problems with linearity 

and reproducibility. The Caerphilly study (38) corroborated the lack of a lipid-independent 

association between apolipoprotein levels and CAD. Collectively, these studies provide conflicting 

results that may be attributable to differences in samples, limited statistical power, and, in at least 

one instance, poorly standardized methods for apolipoprotein measurement. 

We have overcome most of these potential problems in the current study by evaluating a 

large number of cases and by using carefully standardized methods for measurement of 

apolipoproteins and lipids. We show that the apolipoprotein B/A-I ratio is associated with future 

CAD events independent of standard cardiovascular risk factors (diabetes, body mass index, 

smoking, systolic blood pressure, and C-reactive protein level) and lipid values (LDL cholesterol, 

HDL cholesterol and triglyceride levels and, in a separate model, total/HDL cholesterol ratio). This 

may be because the apolipoprotein B level reflects the presence of small LDL particles, which may 

be more atherogenic, more accurately than do cholesterol values (7, 8). The adjusted odds ratio of 

1.85 for the highest quartile of the apolipoprotein B/A-I ratio (model 3b in table 3) approximates 

that of the classic (39, 40) and some of the newer risk factors (such as C-reactive protein level (21, 

41)). In addition, inclusion of the apolipoprotein B/A-I and total/HDL cholesterol ratios in a single 



Chapter 4 

54 

multivariable model suggested that the apolipoprotein B/A-I ratio retains CAD risk information, 

whereas the total/HDL cholesterol ratio does not (table 4). Moreover, the apolipoprotein B/A-I 

ratio remained a significant risk factor independent of the Framingham risk score. These findings 

suggest that the apolipoprotein B/A-I ratio may be a valuable alternative to traditional lipid-based 

variables for assessing future risk for CAD. However, when we used ROC analysis to evaluate 

whether and to what extent this apparent advantage of the apolipoprotein B/A-I ratio translates 

into improved CAD risk prediction (33), we found that the apolipoprotein B/A-I ratio did not 

contribute to the total/HDL cholesterol ratio, and added only marginally to the Framingham risk 

score. These findings suggest that the apolipoprotein B/A-I ratio is no better than the total/HDL 

cholesterol ratio at discriminating individual risk. This conclusion was strengthened by the model 

suggesting that the net proportion of cases who were correctly reclassified is modest and not 

clinically relevant (table 5). 

 

Limitations 

Our study has several limitations. First, case ascertainment is an issue in the design of every 

prospective study. However, a validation study indicated that case ascertainment in our study was 

at least equivalent to that of other large prospective cohort studies (24). Second, our conclusions 

apply only to apparently healthy people who are not receiving lipid-lowering medication. Lipid-

based variables have been shown to lose their association with future CAD in persons receiving 

lipid-lowering therapy with 3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitors (statins) 

(42, 43). The relationship between apolipoprotein B level, apolipoprotein A-I level, or 

apolipoprotein B/A-I ratio and future CAD in this subgroup could differ. In addition, apolipoprotein 

values are of particular relevance in detecting atherogenic dyslipidemias in persons who have low 

or normal LDL cholesterol levels but increased LDL particle number (44-46). These persons, 

comprising those with diabetes or the metabolic syndrome, are at very high risk for CAD. Our 

cohort contained only few diabetic participants, and information was insufficient to determine the 

presence of the metabolic syndrome. Therefore, our findings do not apply to these patients. 

 

Final conclusions and clinical implications 

In conclusion, in a case–control cohort of apparently healthy persons not receiving lipid-lowering 

therapy, we showed that the apolipoprotein B/A-I ratio was more closely associated with future 

CAD events than was the total/HDL cholesterol ratio, but that the two measures were equivalent 

in their ability to discriminate between persons with and those without cardiovascular events. 

Thus, our data suggest that replacement of traditional lipid values with the apolipoprotein B/A-I 

ratio adds little to CAD risk assessment in the general population. However, other characteristics of 

the test, such as the ability to perform it on non-fasting samples, may make it useful in some 

settings. 
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ABSTRACT 

 

Background – Low-density lipoprotein (LDL) cholesterol is the principal goal of lipid lowering 

therapy, but recent evidence has suggested more appropriate targets. We compared the 

relationships of on-treatment levels of LDL cholesterol, non-high-density lipoprotein (non-HDL) 

cholesterol, apolipoprotein B and ratios of total/HDL cholesterol, LDL/HDL cholesterol and 

apolipoprotein B/A-I with the occurrence of cardiovascular events in patients receiving statin 

therapy. 

Methods and Results – A post-hoc analysis was performed, combining data from 2 prospective 

randomized clinical trials, in which 10,001 (‘Treating to New Targets’, TNT) and 8,888 (‘Incremental 

Decrease in End Points through Aggressive Lipid Lowering’, IDEAL) patients with established 

coronary heart disease were assigned to usual-dose or high-dose statin treatment. In models with 

LDL cholesterol, non-HDL cholesterol and apolipoprotein B were positively associated with 

cardiovascular outcome, whereas a positive relationship with LDL cholesterol was lost. In a model 

containing non-HDL cholesterol and apolipoprotein B, neither was significant. Total/HDL 

cholesterol and in particular apolipoprotein B/A-I were more closely associated than each of the 

single pro-atherogenic lipoprotein parameters.  

Conclusions – In patients receiving statin therapy, on-treatment levels of non-HDL cholesterol and 

apolipoprotein B were more closely associated with cardiovascular outcome than levels of LDL 

cholesterol. Inclusion of measurements of the anti-atherogenic lipoprotein fraction further 

strengthened the relationships. These data support the use of non-HDL cholesterol or 

apolipoprotein B as novel treatment targets for statin therapy. Given the absence of interventions 

that have proven to reduce cardiovascular disease risk through raising plasma levels of HDL 

cholesterol or apolipoprotein A-I, it seems premature to consider the ratio variables as clinically 

useful. 

 

 

Abbreviations – apolipoprotein B/A-I, ratio of apolipoprotein B to A-I; HDL, high-density 

lipoprotein; IDEAL, Incremental Decrease in End Points through Aggressive Lipid Lowering; LDL, 

low-density lipoprotein; LDL/HDL cholesterol, ratio of LDL to HDL cholesterol; MCVE, major 

cardiovascular event; TNT, Treating to New Targets; total/HDL cholesterol, ratio of total to HDL 

cholesterol 
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INTRODUCTION 

 

Cardiovascular disease is the worldwide leading cause of death, and its contribution to disease 

burden is expected to increase sharply over the next 15 years (1, 2). The process of atherosclerosis, 

fundamental to the occurrence of cardiovascular disease, is recognized as the consequence of the 

interplay of a plethora of genetic and environmental factors, but lipoproteins remain the 

foundation of its pathogenesis. Based on the robust epidemiological relationship between 

cardiovascular disease and levels of cholesterol present in the low-density lipoprotein (LDL) 

fraction (3), and on solid evidence demonstrating the clinical benefits of LDL cholesterol reduction 

(4), guidelines for the management of cardiovascular disease risk have defined LDL cholesterol 

levels as primary target of therapy (5). 

Despite a wealth of clinical data firmly establishing the efficacy of this approach in terms of 

risk reduction, other lipoprotein measurements have been proposed as more appropriate 

treatment targets. These include non-high-density lipoprotein (non-HDL) cholesterol  – the sum of 

the cholesterol concentration in all pro-atherogenic lipoproteins (very low density (VLDL), 

intermediate density (IDL) and LDL particles) –  and apolipoprotein B  – the major apolipoprotein 

of these particles. In 2001, non-HDL cholesterol was introduced in the third report of the US 

National Cholesterol Education Program (NCEP) Adult Treatment Panel (ATP-III) (5), but only as 

secondary target in patients with triglyceride levels above 2.3 mmol/L. Apolipoprotein B was also 

recognized as a secondary target of therapy for these patients, but wider availability, greater 

reliability and significant lower costs were reasons for prioritizing non-HDL cholesterol. 

The major reason, however, for the restricted use of non-HDL cholesterol or apolipoprotein B 

as treatment targets is the paucity of results from large studies that robustly show that these 

variables are indeed more accurate in risk assessment than LDL cholesterol in patients receiving 

statin therapy. Such studies are limited to a post-hoc analysis of the ‘Air Force/Texas Coronary 

Atherosclerosis Prevention Study’ (AFCAPS/TexCAPS) (6) and the ‘Long-term Intervention with 

Pravastatin in Ischemic Disease’ (LIPID) (7) trial, which did not evaluate all lipoprotein variables 

available. Therefore, we sought to directly compare the strength of the relationships with 

cardiovascular event occurrence for LDL cholesterol, non-HDL cholesterol and apolipoprotein B in 

patients receiving statin therapy. Similarly, we evaluated ratios of pro- to anti-atherogenic 

lipoprotein measurements, including total to HDL cholesterol (total/HDL cholesterol), LDL to HDL 

cholesterol (LDL/HDL cholesterol) and apolipoprotein B to A-I (apolipoprotein B/A-I). These 

composite variables have been put forward as better treatment targets than the single pro-

atherogenic measurements, but direct comparisons in large studies of patients receiving statin 

treatment are lacking. To accomplish these objectives, we used data from the combined database 

of the ‘Treating to New Targets’ (TNT) (8) and ‘Incremental Decrease in End Points through 

Aggressive Lipid Lowering’ (IDEAL) (9) trials. 
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METHODS 

 

Study population 

The TNT and IDEAL studies have been published previously (8, 9). In summary, both TNT and IDEAL 

are prospective, randomized, multicenter trials comparing the efficacy of high-dose to usual-dose 

statin treatment for the secondary prevention of cardiovascular events. In TNT, 10,001 patients 

with stable coronary heart disease and LDL cholesterol levels of less than 3.4 mmol/L were 

randomly assigned to receive either 10 mg or 80 mg atorvastatin per day and followed for a 

median of 4.9 years. Mean LDL cholesterol levels during treatment were 2.6 mmol/L and 2.0 

mmol/L for the 10 mg and 80 mg groups, respectively. In IDEAL, 8,888 patients with a history of 

myocardial infarction were enrolled, randomized to receive 20-40 mg simvastatin or 80 mg 

atorvastatin and followed for a median of 4.8 years. Mean on-treatment levels of LDL cholesterol 

were 2.7 mmol/L in the simvastatin group and 2.1 mmol/L in the atorvastatin group. The similarity 

of inclusion criteria and treatment regimes of these trials enabled us to pool both datasets. 

 

Laboratory measurements 

Lipid and apolipoprotein measurements were performed on fasting blood samples. Levels of total 

cholesterol, HDL cholesterol and triglycerides were quantified using standard methodologies. LDL 

cholesterol was calculated using the Friedewald formula (10). When triglyceride levels were 4.5 

mmol/L or higher, LDL cholesterol was directly measured by ultracentrifugation. Non-HDL 

cholesterol was calculated as the difference between total cholesterol and HDL cholesterol. 

Plasma concentrations of apolipoproteins B and A-I were determined by immunonepholometry 

(Behring Nephelometer BNII, Marburg, Germany) with calibration traceable to the International 

Federation of Clinical Chemistry primary standards (11).  

For the present analysis, we used the 1-year on-treatment lipid and apolipoprotein 

measurements in TNT, which was the first time that both these variables were measured.  Patients 

without lipid and apolipoprotein values at this time point or those with a major cardiovascular 

event (MCVE; see next paragraph) prior to 9 months (defined as a reasonable window to associate 

events before the 1-year measurement) were excluded from the present analysis (n=682; 134 

MCVE’s). In IDEAL, these measurements were performed at 3 and 6 months and at 1 year. Patients 

without lipid and apolipoprotein values at one of these time points or those with MCVE prior to 2 

months (defined as a reasonable window to associate events before the 3 months measurement) 

were also excluded from the present analysis (n=189; 105 MCVE’s). 

 

Outcome definition 

The occurrence of MCVE was selected as outcome measure for the current analysis. MCVE was 

defined as coronary death, nonfatal myocardial infarction, resuscitation after cardiac arrest and 

fatal or nonfatal stroke. This outcome measure equals the primary endpoint in TNT and 

corresponds with the composite secondary endpoint in IDEAL. 
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Statistical analyses 

The strengths of the associations of lipid and apolipoprotein variables with the occurrence of 

MCVE were analyzed by the Cox proportional hazard model, yielding Wald confidence intervals 

and P values. The regression model included the effects of study, age and sex for the combined 

estimates over TNT and IDEAL. Study-specific estimates and the test of consistency of these 

estimates between TNT and IDEAL were obtained by adding the study by measurement 

interaction effect to the Cox model. Standardized lipid and apolipoprotein measurements were 

used in the analyses and consequently the regression coefficient from the Cox model is the log of 

the hazard ratio per standard unit change of the variable. 

To investigate the rank order of the lipoprotein variables in terms of strength of association 

with MCVE, their corresponding regression coefficients were determined individually. To directly 

compare the association of these variables with MCVE occurrence, pairs of measurements were 

subsequently included in the Cox model. The resulting coefficients give the strength of the 

association, taking into account the paired measurement. First, we investigated which of the 

single pro-atherogenic measurements (LDL cholesterol, non-HDL cholesterol, apolipoprotein B) 

was the strongest MCVE risk marker. Then, we investigated whether ratios including pro- as well as 

anti-atherogenic lipoprotein measurements (total/HDL cholesterol, LDL/HDL cholesterol, 

apolipoprotein B/A-I) were more closely associated with MCVE occurrence than the strongest 

single pro-atherogenic marker. Finally, we evaluated which of the ratios per se was the strongest 

marker of MCVE occurrence. As a result of their biological relationships, these lipid and 

apolipoprotein variables show close statistical correlation, the strongest of which were among the 

single parameters (LDL versus non-HDL cholesterol: 0.90; LDL cholesterol versus apolipoprotein B: 

0.86; non-HDL cholesterol versus apolipoprotein B: 0.94). However, the corresponding variance 

inflation factors (ranging from 2.1 to 8.6) are below the suggested threshold (<10) (12), and the 

tests performed here are likelihood ratio χ2 tests. Moreover, supplementary residual analysis was 

performed, yielding virtually identical conclusions when compared to the direct pairwise 

comparisons (data not shown).  

In order to address clinical relevance, we investigated whether the study variables remained 

associated with MCVE risk in patients having reached the primary LDL cholesterol treatment target 

defined in ATP-III (5). To accomplish this, the strengths of association of these variables with MCVE 

occurrence were determined in patients with LDL cholesterol below 2.6 mmol/L (n=12,252). This 

subgroup analysis was then repeated for all other variables evaluated. For fair statistical 

comparison, we selected the corresponding cutoff levels that yielded approximately equal 

numbers of patients in the subgroups, i.e. 3.4 mmol/L (n=12,646) for non-HDL cholesterol, 110 

mg/dL (n=11,978) for apolipoprotein B, 4.0 (n=12,480) for total/HDL cholesterol, 2.3 (n=12,455) for 

LDL/HDL cholesterol and 0.8 (n=12,700) for apolipoprotein B/A-I. 

 

The authors had full access to the data and take responsibility for its integrity. All authors have 

read and agree to the manuscript as written. 
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RESULTS 

 

Study population 

Data were analyzed from 8,699 IDEAL and 9,319 TNT study subjects, representing 1,035 of 1,140 

(91%) and 748 of 982 (76%) MCVE’s that occurred in both studies, respectively. Consequently, a 

total number of 18,018 patients were available for the pooled analysis, of whom 1,783 experienced 

an MCVE during follow-up. 

Mean ages of the TNT (61.7±9.5 years) and IDEAL (61.0±8.8 years) study populations were 

comparable, as was the gender distribution in both study cohorts (males: 80.9% in IDEAL versus 

81.2% in TNT). Mean age of the pooled population was 61.3±9.1 years (males: 81.0%). On-

treatment values of lipids, apolipoproteins and their ratios are reported in table 1 for both 

treatment groups in IDEAL and TNT. Total cholesterol, LDL cholesterol, HDL cholesterol, non-HDL 

cholesterol, apolipoprotein B and the ratios were similar in subjects receiving usual-dose or high-

dose statin therapy, respectively. In both studies, triglyceride levels were in the normal range, with 

slightly lower values in IDEAL compared to TNT. 

 

Study by measurement interaction effect 

When analyzed separately, the associations with MCVE occurrence were stronger for all study 

variables in TNT compared to IDEAL, except for LDL cholesterol (data not shown). However, the 

associations were all significant in both studies (P<0.001) and the order of the strength of these 

associations was similar in the two studies. Therefore, we used the pooled results of TNT and IDEAL 

to assess and compare the predictive strengths of the study variables for MCVE. 

 

 

TABLE 1.  On-treatment values of lipids, apolipoproteins and their ratios in both treatment groups of TNT and 

IDEAL 

 TNT IDEAL 

 
Atorvastatin 10 mg 

(n=4,665) 

Atorvastatin 80 mg 

(n=4,654) 

Simvastatin 20-40 mg 

(n=4,369) 

Atorvastatin 80 mg 

(n=4,330) 

Total cholesterol, mmol/L 4.6 ± 0.7 3.8 ± 0.8 4.6 ± 0.8 3.8 ± 0.9 

LDL cholesterol, mmol/L 2.6 ± 0.6 2.0 ± 0.6 2.6 ± 0.7 2.1 ± 0.7 

HDL cholesterol, mmol/L 1.2 ± 0.3 1.2 ± 0.3 1.2 ± 0.3 1.2 ± 0.3 

Non-HDL cholesterol†, mmol/L 3.4 ± 0.7 2.6 ± 0.7 3.3 ± 0.8 2.6 ± 0.8 

Triglycerides, mmol/L 1.8 ± 1.0 1.5 ± 0.9 1.6 ± 0.9 1.3 ± 0.7 

Apolipoprotein B, mg/dL 113 ± 22 91 ± 21 107 ± 27 84 ± 28 

Total/HDL cholesterol 4.0 ± 1.0 3.3 ± 0.9 4.0 ± 1.2 3.4 ± 1.1 

LDL/HDL cholesterol 2.3 ± 0.7 1.7 ± 0.6 2.3 ± 0.8 1.9 ± 0.8 

Apolipoprotein B/A-I 0.8 ± 0.2 0.7 ± 0.2 0.8 ± 0.2 0.6 ± 0.2 

Values are expressed as mean ± standard deviation, derived from visits at 3, 6 or 12 months in IDEAL, or from 

visits at 12 months in TNT; † Calculated as total cholesterol minus HDL cholesterol 
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Individual relationships with MCVE 

LDL cholesterol, non-HDL cholesterol, apolipoprotein B, total/HDL cholesterol, LDL/HDL 

cholesterol and apolipoprotein B/A-I were each associated with the occurrence of MCVE at a 

P<0.001 level of significance (table 2). Among the pro-atherogenic variables, non-HDL cholesterol 

and apolipoprotein B had the strongest relationships (hazard ratio 1.19; 95% CI 1.14-1.25 and 

hazard ratio 1.19; 95% CI 1.14-1.24, respectively), indicating a 19% increase of MCVE occurrence 

per standard unit increase of non-HDL cholesterol (0.8 mmol/L) or apolipoprotein B (27.2 mg/dL). 

When considered against the background of these two variables, the association between LDL 

cholesterol and MCVE occurrence was less pronounced (hazard ratio 1.15; 95% CI 1.10-1.20), 

indicating a 15% increase of MCVE occurrence per standard unit (0.7 mmol/L) increase. When the 

ratio variables were also evaluated, a pattern of increasing risk estimates was observed, the 

highest of which was connected to the apolipoprotein B/A-I ratio (hazard ratio 1.24; 95% CI 1.20-

1.29). 

 

TABLE 2.  Individual relationships between on-treatment levels of LDL cholesterol, non-HDL cholesterol, 

apolipoprotein B or their ratios and MCVE in TNT and IDEAL 

 Hazard ratio 95% CI P 

LDL cholesterol 1.15 1.10-1.20 < 0.001 

Non-HDL cholesterol† 1.19 1.14-1.25 < 0.001 

Apolipoprotein B 1.19 1.14-1.24 < 0.001 

Total/HDL cholesterol 1.21 1.17-1.25 <0.001 

LDL/HDL cholesterol 1.20 1.16-1.24 <0.001 

Apolipoprotein B/A-I 1.24 1.20-1.29 <0.001 

Calculated by a Cox proportional hazard model with adjustment for the effects of study, age and sex.  
† Calculated as total cholesterol minus HDL cholesterol. 

 

 

Direct pairwise comparisons of the relationships with MCVE 

To compare the strengths of the association of the study variables with MCVE risk, variables were 

introduced pairwise into the Cox proportional hazards model. First, the single pro-atherogenic 

measurements were compared to each other (table 3, first panel). When LDL cholesterol and non-

HDL cholesterol were included simultaneously, the positive relationship between LDL cholesterol 

and MCVE was lost, whereas non-HDL cholesterol retained its positive association with the 

occurrence of MCVE (hazard ratio 1.31; 95% CI 1.19-1.44). In this model, the hazard ratio of LDL 

cholesterol significantly decreased to below 1.00 (hazard ratio 0.90; 95% CI 0.82-0.99), indicating 

that for a given non-HDL cholesterol level, an increase of LDL cholesterol was associated with a 

decrease of MCVE risk. This may be due to increased LDL particle size and/or a reduction of plasma 

levels of VLDL cholesterol. When LDL cholesterol and apolipoprotein B were entered into the same 

regression model, LDL cholesterol was no longer associated with MCVE risk, whereas 

apolipoprotein B remained a significant positive MCVE risk determinant. When non-HDL 

cholesterol and apolipoprotein B were entered jointly, neither was significant (hazard ratio 1.14; 

95% CI 1.00-1.30 and hazard ratio 1.05; 95% CI 0.92-1.20, respectively). 
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TABLE 3.  Direct pairwise comparisons of the relationships with MCVE for on-treatment levels of LDL cholesterol, 

non-HDL cholesterol, apolipoprotein B or their ratios in TNT and IDEAL 

 Hazard ratio 95% CI P 

LDL cholesterol 0.90 0.82-0.99 0.04 

Non-HDL cholesterol† 1.31 1.19-1.44 <0.001 

LDL cholesterol 0.95 0.87-1.05 0.33 

Apolipoprotein B 1.24 1.13-1.36 <0.001 

Non-HDL cholesterol† 1.14 1.00-1.30 0.06 

Apolipoprotein B 1.05 0.92-1.20 0.47 

    

Non-HDL cholesterol† 1.06 0.99-1.12 0.09 

Total/HDL cholesterol 1.17 1.11-1.24 0.001 

Non-HDL cholesterol† 1.00 0.93-1.07 0.94 

Apolipoprotein B/A-I 1.24 1.17-1.32 0.001 

Apolipoprotein B 1.06 0.99-1.12 0.08 

Total/HDL cholesterol 1.17 1.11-1.23 0.001 

Apolipoprotein B 0.94 0.85-1.04 0.26 

Apolipoprotein B/A-I 1.30 1.20-1.39 0.001 

    

Total/HDL cholesterol 1.00 0.92-1.10 0.91 

Apolipoprotein B/A-I 1.24 1.13-1.36 0.001 

Calculated by a Cox proportional hazard model with adjustment for the effects of study, age and sex. 
† Calculated as total cholesterol minus HDL cholesterol. 

 

 

Subsequently, the ratio variables were directly compared to the single pro-atherogenic measures 

(table 3, second panel). Given the inferiority of the relationship for LDL cholesterol as derived from 

the previous comparisons, LDL cholesterol and LDL/HDL cholesterol were excluded as study 

variables. In this analysis, both total/HDL cholesterol and apolipoprotein B/A-I remained 

associated with MCVE occurrence, whereas non-HDL cholesterol and apolipoprotein B lost their 

statistically significant relationship. Finally, the strengths of the associations for the ratio variables 

were directly compared to each other (table 3, third panel). Upon inclusion of both total/HDL 

cholesterol and apolipoprotein B/A-I into one Cox model, the relationship between the lipid ratio 

and MCVE was lost, as represented by the corresponding hazard ratio of 1.00 (95% CI 0.92-1.10). In 

contrast, apolipoprotein B/A-I remained a statistically significant predictor of outcome (hazard 

ratio 1.24; 95% CI 1.13-1.36) in this analysis. 

 

Subgroup analyses 

To demonstrate clinical relevance of these findings, we determined which of the study variables 

was still significantly related to MCVE occurrence in the subgroup of patients who had achieved 

the ATP-III LDL cholesterol treatment target (≤2.6 mmol/L; n=12,252) (5), or corresponding values 

for non-HDL cholesterol (≤3.4 mmol/L; n=12,646), apolipoprotein B (≤110 mg/dL; n=11,978) or the 

ratio variables (total/HDL cholesterol ≤4.0; n=12,480 and apolipoprotein B/A-I ≤0.8; n=12,700) 

(table 4). In patients with on-treatment LDL cholesterol levels of less than 2.6 mmol/L, there was 
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no longer a significant relationship between LDL cholesterol and risk of MCVE (hazard ratio 1.08; 

95% CI 0.97-1.20). In contrast, both non-HDL cholesterol and apolipoprotein B were still 

significantly associated with MCVE occurrence (hazard ratio 1.15; 95% CI 1.05-1.25 for both). Also, 

the ratio variables remained statistically significantly related to MCVE occurrence in this subgroup 

(hazard ratio 1.22; 95% CI 1.14-1.30 for total/HDL cholesterol and hazard ratio 1.31; 95% CI 1.21-

1.41 for apolipoprotein B/A-I). Similar results were obtained in subgroups characterized by low 

levels of non-HDL cholesterol (≤3.4 mmol/L) or apolipoprotein B (≤110 mg/dL). When patients 

were selected according to the predefined cutoff values for total/HDL cholesterol or 

apolipoprotein B/A-I, the relationships for most of the single pro-atherogenic variables lost 

statistical significance. Only non-HDL cholesterol showed a significant association with MCVE in 

 

TABLE 4.  Individual relationships between on-treatment levels of LDL cholesterol, non-HDL cholesterol, 

apolipoprotein B or their ratios and MCVE in selected subgroups of TNT and IDEAL 

 Hazard ratio 95% CI P 

LDL cholesterol ≤ 2.6 mmol/L;  n=12,252    

LDL cholesterol 1.08 0.97-1.20 0.16 

Non-HDL cholesterol† 1.15 1.05-1.25 0.002 

Apolipoprotein B 1.15 1.05-1.25 0.002 

Total/HDL cholesterol 1.22 1.14-1.30 0.001 

Apolipoprotein B/A-I 1.31 1.21-1.41 0.001 

Non-HDL cholesterol ≤ 3.4 mmol/L; n=12,646    

LDL cholesterol 1.02 0.93-1.12 0.66 

Non-HDL cholesterol† 1.12 1.01-1.24 0.04 

Apolipoprotein B 1.11 1.01-1.22 0.03 

Total/HDL cholesterol 1.27 1.17-1.38 0.001 

Apolipoprotein B/A-I 1.30 1.20-1.41 0.001 

Apolipoprotein B ≤110 mg/dL; n=11,978    

LDL cholesterol 1.07 0.97-1.17 0.19 

Non-HDL cholesterol† 1.17 1.06-1.29 0.003 

Apolipoprotein B 1.16 1.04-1.29 0.008 

Total/HDL cholesterol 1.29 1.19-1.40 0.001 

Apolipoprotein B/A-I 1.38 1.27-1.51 0.001 

Total/HDL cholesterol ≤ 4.0; n=12,480    

LDL cholesterol 1.04 0.95-1.11 0.36 

Non-HDL cholesterol† 1.08 0.99-1.17 0.08 

Apolipoprotein B 1.07 0.99-1.16 0.08 

Total/HDL cholesterol 1.26 1.11-1.42 0.001 

Apolipoprotein B/A-I 1.25 1.14-1.38 0.001 

Apolipoprotein B/A-I ≤ 0.8; n=12,700    

LDL cholesterol 1.04 0.96-1.12 0.35 

Non-HDL cholesterol† 1.09 1.00-1.18 0.04 

Apolipoprotein B 1.06 0.97-1.15 0.18 

Total/HDL cholesterol 1.22 1.11-1.35 0.001 

Apolipoprotein B/A-I 1.23 1.11-1.37 0.001 

Calculated by a Cox proportional hazard model with adjustment for the effects of study, age and sex. 
† Calculated as total cholesterol minus HDL cholesterol. 

 



Chapter 5 

66 

the apolipoprotein B/A-I subgroup, but this relationship was rather modest (hazard ratio 1.09; 95% 

CI 1.00-1.18). In contrast, the ratio variables remained statistically significantly related to outcome, 

both in patients with total cholesterol/HDL ≤4.0 (hazard ratio 1.26; 95% CI 1.11-1.42 for total/HDL 

cholesterol and hazard ratio 1.25; 95% CI 1.14-1.38 for apolipoprotein B/A-I) and in those with low 

values of apolipoprotein B/A-I (hazard ratio 1.22; 95% CI 1.11-1.35 for total/HDL cholesterol and 

hazard ratio 1.23; 95% CI 1.11-1.37 for apolipoprotein B/A-I). 

 

 

DISCUSSION 

 

In the present analysis of TNT and IDEAL, we directly compared the association between values of 

LDL cholesterol, non-HDL cholesterol, apolipoprotein B and ratios of pro- to anti-atherogenic 

lipoprotein measurements with the occurrence of future cardiovascular disease in patients 

receiving statin treatment. We sought to identify which among these variables was most strongly 

associated with risk of MCVE. Using the pooled dataset of these studies, it became obvious that 

on-treatment levels of non-HDL cholesterol and apolipoprotein B were stronger related to 

cardiovascular outcome than levels of LDL cholesterol. Evaluation of the ratios revealed higher 

statistical association with cardiovascular disease than single measurements of non-HDL 

cholesterol or apolipoprotein B, with apolipoprotein B/A-I showing the strongest relationship. 

 

Comparison with other studies 

With respect to LDL cholesterol, non-HDL cholesterol or apolipoprotein B in relation to 

cardiovascular event occurrence, the current literature consists primarily of a series of 

epidemiological studies that evaluated these relationships in the general population. In most of 

these studies, both non-HDL cholesterol (13-20) and apolipoprotein B (18-25) were found to be 

more accurate risk predictors compared to LDL cholesterol, and in a recent study that directly 

compared non-HDL cholesterol versus apolipoprotein B, the latter was found to be superior (19). 

Similar analyses of data on subjects receiving lipid lowering therapy are scarce and only available 

from two post-hoc analyses: one from the ‘Air Force/Texas Coronary Atherosclerosis Prevention 

Study’ (AFCAPS/TexCAPS) (6) and another from the ‘Long-Term Intervention with Pravastatin in 

Ischemic Disease’ (LIPID) (7) trial. In AFCAPS/TexCAPS, 6,605 subjects without prevalent 

cardiovascular disease and below-average HDL cholesterol levels were assigned to lovastatin or 

placebo. Participants receiving lovastatin (n=2,933) achieved a mean LDL cholesterol level of 2.9 

mmol/L. In this group, apolipoprotein B proved to be significantly associated with the risk of 

developing a first major coronary event. In contrast, LDL cholesterol showed no significant 

relationship. The LIPID trial was a secondary prevention study investigating the clinical benefit of 

pravastatin versus placebo. Among participants assigned to pravastatin (n=4,512), on-treatment 

levels of LDL cholesterol were only weakly associated with the occurrence of the primary endpoint, 

whereas the association for apolipoprotein B was more pronounced. In both studies, non-HDL 
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cholesterol was not evaluated. The results of the present analysis of TNT and IDEAL provide 

important additional information on this issue, since the dataset is much larger, direct 

comparisons can be performed, and non-HDL cholesterol was also included in the analysis. These 

data demonstrate superiority of non-HDL cholesterol and apolipoprotein B when compared to 

LDL cholesterol in predicting residual risk on statin therapy. 

When it comes to composite variables including both pro- and anti-atherogenic lipoprotein 

measurements, data of direct comparisons are limited to studies based on the general population 

(26, 27). In the post-hoc analyses of the AFCAPS/TexCAPS en LIPID studies, some of the ratios were 

included as study variables, but direct comparisons were not performed. In the present study we 

show that ratios including the anti-atherogenic lipoprotein fraction exhibit a stronger association 

with future cardiovascular disease than the single pro-atherogenic measurements. Among the 

ratios evaluated, apolipoprotein B/A-I showed the strongest relationship. 

 

Pathophysiological considerations 

The pathophysiological background for the observed differences in their relationship with MCVE 

for the lipoprotein measurements evaluated is likely related to differences in the biology of lipids 

and apolipoproteins. Whereas LDL cholesterol is a measure of the amount of cholesterol present in 

LDL particles, non-HDL cholesterol represents the cholesterol content of all atherogenic 

lipoproteins, including triglyceride-rich lipoproteins (VLDL, IDL) as well as LDL. Under 

normolipidemic conditions, the majority of atherogenic cholesterol is present in the LDL particle (5, 

28), resulting in a very tight correlation between LDL cholesterol and non-HDL cholesterol (29). 

The concordance between LDL cholesterol and non-HDL cholesterol diminishes when triglyceride-

rich lipoproteins accumulate in the circulation (28, 29), a condition characterized by increased 

plasma levels of triglycerides. These considerations have led to a restriction in the use of non-HDL 

cholesterol, i.e. limited to patients with mild to moderate hypertriglyceridemia (≥2.6 mmol/L) (5). 

The present analysis of TNT and IDEAL, however, demonstrates greater accuracy for non-HDL 

cholesterol over and above LDL cholesterol in patients with mostly normal triglyceride levels. 

These results suggest a pathophysiological role for VLDL and IDL particles also under 

normotriglyceridemic conditions. 

Apolipoprotein B is the major apolipoprotein of VLDL, IDL and LDL particles. In line with non-

HDL cholesterol, plasma levels of apolipoprotein B represent all atherogenic lipoproteins in the 

circulation. However, because every atherogenic particle contains a single apolipoprotein B 

molecule, apolipoprotein B levels also provide an accurate reflection of the number of atherogenic 

particles (30, 31). We, in fact, showed that apolipoprotein B and non-HDL cholesterol exhibit 

similar associations with the risk of future MCVE. One explanation for this observation might lay in 

the fact that apolipoprotein B and non-HDL cholesterol may only be differentially associated with 

cardiovascular risk under conditions where the average particle number increases, such as 

diabetes and the metabolic syndrome. However, a significant proportion of subjects enrolled in 

the TNT and IDEAL studies had diabetes and/or metabolic syndrome (8, 9, 32), which therefore 
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does not yield a likely cause for this observation. Conversely, statin therapy that achieves low LDL 

cholesterol levels might diminish the discordance between non-HDL cholesterol and 

apolipoprotein B, thereby reducing the difference between both variables in terms of risk 

prediction. 

The present data demonstrate that on-treatment variables including both a pro- and an anti-

atherogenic lipoprotein measurement are more closely related to outcome than non-HDL 

cholesterol or apolipoprotein B in isolation. This observation might represent the fact that the 

extent of atherosclerosis is tightly regulated by the balance between the pro- and anti-

atherogenic lipoproteins. Among all composite variables evaluated in this study, apolipoprotein 

B/A-I showed the strongest relationship with outcome. This not only resulted from the presence of 

the strongest pro-atherogenic risk determinant (i.e. apolipoprotein B) in this variable, but also 

from superiority of apolipoprotein A-I over HDL cholesterol in terms of association with MCVE 

(data not shown). This parallels several observations that apolipoprotein A-I is more important 

than the HDL particle cholesterol content for pathways that render HDL anti-atherogenic, 

including adenosine triphosphate binding cassette A-1–mediated cellular cholesterol efflux (33), 

lecithin-cholesteryl acyltransferase–mediated maturation of HDL particles (34), and several anti-

oxidative processes (35). 

 

Limitations 

The present post-hoc analysis has several limitations. First, in both TNT and IDEAL, patients were 

only eligible for study participation if they suffered from clinically evident coronary artery disease. 

Also, all patients received statin therapy. Moreover, a large proportion of the study population was 

male, being at relatively old age. These study characteristics should be taken into consideration 

before extrapolating these results to other populations. In particular, the findings of this post-hoc 

analysis only apply to the secondary prevention setting. Second, the endpoint evaluated in the 

present analysis comprises several types of atherosclerotic disease. Given the need for maximum 

statistical power to detect small differences between associations for the lipoprotein 

measurements evaluated, categorization of the combined endpoint was not included in the 

primary objectives of this study. Reanalysis of the data using myocardial infarction as endpoint, 

however, rendered identical conclusions (data not shown). Third, selection of patients with a 

narrow range of LDL cholesterol limits, by definition, the association of this variable with MCVE. 

However, the observation that this variable loses its relationship also in other statistical models (i.e. 

following selection on either LDL cholesterol, non-HDL cholesterol or apolipoprotein B) 

demonstrates that this phenomenon is not likely to result in invalid conclusions.  

 

Clinical implications 

Ever since the first set of guidelines for cardiovascular disease risk management was published, 

statin treatment has been the core of every therapy, with LDL cholesterol as primary target 

variable (5, 36, 37). We, however, demonstrate superiority of non-HDL cholesterol or 
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apolipoprotein B compared to LDL cholesterol as cardiovascular risk predictors during statin 

treatment. Patients who were adequately treated according to current guidelines (i.e. LDL 

cholesterol ≤2.6 mmol/L) still had residual MCVE risk that could be recognized by evaluating levels 

of non-HDL cholesterol or apolipoprotein B. These data suggest that future guidelines should 

favor use of non-HDL cholesterol or apolipoprotein B instead of LDL cholesterol as primary 

treatment target, especially since targets are currently adjusted downward to very low LDL 

cholesterol levels. The present results do not favor either non-HDL cholesterol or apolipoprotein B 

over one another. However, whereas measurements for both variables are reliable and 

standardized (38) and do not require fasting blood sampling, non-HDL cholesterol has the 

advantage of being easily calculated using the total cholesterol and HDL cholesterol 

measurements that are already part of current guidelines and routine clinical practice. In addition, 

the present data suggest that ratios of pro- to anti-atherogenic measurements, in particular the 

apolipoprotein B/A-I ratio, are better risk determinants than single pro-atherogenic measurements. 

However, in view of the absence of trials revealing robust risk reduction by targeting HDL 

cholesterol or apolipoprotein A-I, the additive value of such composite variables as treatment 

targets remains a matter of debate. Implementation of the ratios as treatment targets await final 

confirmation that a direct increase of the anti-atherogenic lipoprotein is consistently associated 

with risk reduction, comparable to that obtained by decreasing the pro-atherogenic fraction. 
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ABSTRACT 

 

Background – Recent evidence suggests that in patients receiving statin therapy, plasma levels of 

non-high-density lipoprotein (non-HDL) cholesterol, apolipoprotein B and the ratios of total to 

high-density lipoprotein (HDL) cholesterol (total/HDL cholesterol) as well as apolipoprotein B to A-

I (apolipoprotein B/A-I) correlate more closely with the occurrence of cardiovascular disease (CVD) 

than low-density lipoprotein (LDL) cholesterol levels per se. These data, in conjunction with the 

ability to assess these non-LDL values under non-fasting conditions, have led to the suggestion 

that these parameters might also be considered as novel targets for statin treatment. However, 

clinical studies that have assessed actual target values are scarce. Our aim was to estimate such 

target values. 

Methods and Results – In a post-hoc analysis of the `Incremental Decrease in End Points through 

Aggressive Lipid Lowering’ (IDEAL) study, we sought to determine those levels of non-HDL 

cholesterol, apolipoprotein B, total/HDL cholesterol and apolipoprotein B/A-I below which these 

parameters no longer correlated with cardiovascular events (CVE). These specific levels were than 

considered as estimates of target values for patients at high CVD risk receiving intensive statin 

therapy. The resulting values were 2.87 mmol/L for non-HDL cholesterol, 0.89 g/L for 

apolipoprotein B, 3.9 for total/HDL cholesterol and 0.67 for apolipoprotein B/A-I.  

Conclusions – Our study has revealed specific levels of non-HDL cholesterol, apolipoprotein B, 

total/HDL cholesterol and apolipoprotein B/A-I below which a relationship with cardiovascular 

outcome is no longer present in patients receiving statin treatment. These levels may be 

considered as preliminary estimates of target values for intensive statin therapy as used in the 

IDEAL trial. 

 

 

Abbreviations – apolipoprotein B/A-I, ratio of apolipoprotein B to A-I; CVD, cardiovascular disease; 

CVE, cardiovascular event; HDL, high-density lipoprotein; IDEAL, Incremental Decrease in End 

Points through Aggressive Lipid Lowering; LDL, low-density lipoprotein; non-HDL, non-high-

density lipoprotein; total/HDL cholesterol, ratio of total to HDL cholesterol  
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INTRODUCTION 

 

In current guidelines for cardiovascular disease (CVD) risk management, lipid lowering with HMG-

CoA reductase inhibitors (statins) is recommended as first choice pharmacotherapy (1). The 

response to such therapy is generally evaluated by measuring plasma levels of low-density 

lipoprotein (LDL) cholesterol, in order to reach target values that are supported by a wealth of 

clinical trial evidence (2-4). Despite the well-documented benefit of this strategy (5), considerable 

residual CVD risk remains in patients who are on LDL cholesterol target (3). In order to further 

reduce this risk, research has mainly focused on the identification of novel treatment modalities, 

but better use of existing treatment strategies has also received considerable attention.  

In view of the latter, definition of therapeutic goals only in terms of LDL cholesterol has 

become a matter of debate. This debate originates from studies that have repetitively shown that 

levels of non-high density lipoprotein (non-HDL) cholesterol and apolipoprotein B, as well as ratios 

of pro- to anti-atherogenic lipid fractions are more closely associated with the occurrence of CVD 

(6-9). For this reason, and given the fact that these parameters can all be reliably measured under 

non-fasting conditions, some expert panels have already recommended the use of non-HDL 

cholesterol or apolipoprotein B as alternative targets for statin therapy (1, 10). However, clinical 

use of these parameters is currently restricted to specific circumstances, in particular when plasma 

triglyceride levels are elevated (1). Recently, we could confirm the superiority of non-HDL 

cholesterol, apolipoprotein B and some ratios over LDL cholesterol alone as CVD risk determinants 

among patients receiving statin treatment (11). These data lend further support to 

implementation of such alternative lipoprotein measurements as target parameters for statin 

therapy. However, the current debate surrounding optimal target values for CVD precludes the 

wider implementation of these parameters in clinical practice. 

The main objective of the present study was to estimate target values for statin therapy in 

terms of non-HDL cholesterol, apolipoprotein B and the ratios of total to HDL cholesterol 

(total/HDL cholesterol) and apolipoprotein B to A-I (apolipoprotein B/A-I). To accomplish this, we 

used existing data from a prospective study to determine cut-off levels for these parameters 

below which a statistical significant relationship with CVD occurrence disappeared. These specific 

levels were than considered as estimates of the target values. Patients were study participants in 

the ‘Incremental Decrease in End Points through Aggressive Lipid Lowering’ (IDEAL) clinical trial, 

which compared the efficacy of high-dose to usual-dose statin treatment for the secondary 

prevention of cardiovascular events (4). Analysis of residual risk and risk determinants among 

patients who were adequately treated according to the calculated target levels was included as a 

secondary study objective. Here, we present our results. 
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METHODS 

 

Study population 

The IDEAL study has been published previously (4). In summary, IDEAL is a prospective, 

randomized, multicenter trial comparing the efficacy of high-dose to usual-dose statin treatment 

for the secondary prevention of cardiovascular events. A total number of 8,888 patients with a 

history of myocardial infarction were enrolled and randomized to either simvastatin 20 mg or 

atorvastatin 80 mg. Median follow-up was 4.8 years. Mean on-treatment levels of LDL cholesterol 

were 2.7 mmol/L in the simvastatin group, and 2.1 mmol/L in the atorvastatin group. The intensive 

treatment regime did not significantly reduce the occurrence of the primary outcome (major 

coronary event, MCE), but did reduce the risk of other composite secondary endpoints, such as 

‘any cardiovascular event’ (CVE). 

 

Outcome definition 

The occurrence of CVE was selected as outcome measure for the current analysis. CVE included 

any of the following events: coronary death, hospitalization for nonfatal acute myocardial 

infarction, coronary revascularization procedure, hospitalization for unstable angina pectoris, 

resuscitation after cardiac arrest, congestive heart failure, stroke and peripheral artery disease.  

 

Selection of study participants 

In IDEAL, on-treatment lipid and apolipoproteins were measured at 3, 6 and 12 months after 

randomization. For the present analysis, we used means of the measurements at months 3 and 6. 

Given this approach, the current analysis was restricted to study participants with valid 

measurements at both these time points. Also, patients were only included when their CVE 

occurred after the 6 months measurement.  

 

Laboratory measurements 

Lipid and apolipoprotein measurements were performed on fasting blood samples. Levels of total 

cholesterol, HDL cholesterol and triglycerides were quantified using standard methodologies. LDL 

cholesterol was calculated using the Friedewald formula (12). Non-HDL cholesterol was calculated 

as the difference between total cholesterol and HDL cholesterol. Plasma concentrations of 

apolipoprotein B and A-I were determined by immunonepholometry (Behring Nephelometer BNII, 

Marburg, Germany) with calibration traceable to the International Federation of Clinical Chemistry 

primary standards (13, 14).  

 

Statistical analyses 

Associations of the study parameters (LDL cholesterol, non-HDL cholesterol, apolipoprotein B, 

total/HDL cholesterol and apolipoprotein B/A-I) with CVE occurrence were assessed by the Cox 

proportional hazard model. The Cox model contained time to CVE as dependent variable, with 
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covariates for age, sex and smoking status recorded at baseline. First, relationships were 

determined using the complete study population. Then, the analysis was repeated on subgroups 

of patients who were below a certain cut-off value of each lipoprotein parameter. These cut-off 

values then were progressively lowered, until a value was found below which the relationship lost 

statistical significance (P<0.05). The analysis was performed on both treatment groups combined. 

To further analyze residual risk, patients were included in a subsequent analysis when their 

on-treatment lipoprotein parameters were below the above calculated cut points. Residual CVE 

risk was expressed as percentage CVE’s occurring in these subgroups. Stepwise backward Cox 

regression analysis was then performed to identify major CVE risk determinants in these 

subgroups. Candidate regression variables included age, sex, smoking, diabetes, hypertension, 

glucose and body mass index.  

 

 

RESULTS 

 

Study population 

Following exclusion of patients with missing data and those with CVE before 6 months of 

treatment (n=1,114), data were analyzed from 7,774 IDEAL study subjects. This group represented 

1,701 of 2,546 (66.8%) CVE’s that occurred in the study. Baseline characteristics and on-treatment 

lipoprotein parameters of this study cohort are reported in table 1. Lipoprotein parameters are 

also specified for each treatment group separately. Mean age of the study participants was 

61.7±9.4 years. The majority of them was male (80.9%) and non-smoking (78.8%). Use of statin 

therapy by all study participants led to decreased levels of LDL cholesterol (mean value of 2.4 

mmol/L) and apolipoprotein B (mean value of 0.93 g/L). Triglyceride levels were in the normal 

range (mean value of 1.3 mmol/L). The different intensity of treatment regimes used in the IDEAL  

 

TABLE 1.  Baseline characteristics and on-treatment lipoprotein parameters of the IDEAL study participants 

included for the present post-hoc analysis 

 
Total population 

(n=7,774) 

Simvastatin 20 mg 

(n=3,855) 

Atorvastatin 80 mg 

(n=3,919) 

Age, years 61.7 ± 9.4 - - 

Sex, % male 80.9 - - 

Current smoking, % 21.2 - - 

Body mass index, kg/m2 27.3 ± 3.8 - - 

Total cholesterol, mmol/L 4.2 ± 0.9 4.6 ± 0.7 3.8 ± 0.8 

LDL cholesterol, mmol/L 2.4 ± 0.7 2.7 ± 0.6 2.0 ± 0.6 

HDL cholesterol, mmol/L 1.2 ± 0.3 1.2 ± 0.3 1.2 ± 0.3 

Triglycerides, mmol/L 1.3 ± 0.5 1.5 ± 0.7 1.3 ± 0.6 

Apolipoprotein B, g/L 0.93 ± 0.27 1.06 ± 0.25 0.81 ± 0.23 

Non-HDL cholesterol*, mmol/L 3.0 ± 0.8 3.4 ± 0.7 2.6 ± 0.7 

Total/HDL cholesterol 3.6 ± 2.0 3.9 ± 1.0 3.3 ± 0.9 

Apolipoprotein B/A-I 0.69 ± 0.22 0.76 ± 0.22 0.61 ± 0.19 

Values are expressed as mean (± standard deviation), derived from visits at 3 and 6 months. * Calculated as 

total cholesterol minus HDL cholesterol 
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study was represented by lower levels of all pro-atherogenic lipoprotein parameters among 

patients receiving atorvastatin. 

 

Estimation of target values 

In the complete IDEAL dataset used for the present analysis, all parameters evaluated (LDL 

cholesterol, non-HDL cholesterol, apolipoprotein B, total/HDL cholesterol and apolipoprotein B/A-

I) revealed a significant relationship with CVE occurrence (P<0.0001 for all; table 2). When LDL 

cholesterol was adjusted downward, it became clear that the statistically significant relationship 

with CVE was present in patients with levels of 2.30 mmol/L or lower (P=0.01). However, statistical 

significance disappeared when patients were selected according to a one mg/dL unit lower LDL 

cholesterol cut-off level (≤2.28 mmol/L; P=0.08). For non-HDL cholesterol, a statistically significant 

association with CVE was present in patients with levels of 2.90 mmol/L or lower (P=0.03). This 

association was lost when the selection value was adjusted to 2.87 mmol/L (P=0.07). Similar 

analyses for apolipoprotein B, total/HDL cholesterol and apolipoprotein B/A-I revealed that 

statistical significance was present in subgroups with values of ≤0.90 g/L (P=0.02), ≤4.0 (P=0.01) 

and ≤0.68 (P=0.04), respectively, but disappeared at the following cut-off levels: apolipoprotein B 

≤0.89 (P=0.08), total/HDL cholesterol ≤3.9 (P=0.10) and apolipoprotein B/A-I: ≤0.67 (P=0.05).  

 

TABLE 2.  Relationships between on-statin lipoprotein parameters and CVE occurrence in the IDEAL dataset and in 

subgroups following progressively lowering of cut-off levels of these parameters 

 Subgroup P   Subgroup P 

No <0.0001  No <0.0001 LDL cholesterol, mmol/L 

 ≤2.30 0.01  

Total/HDL cholesterol 

≤4.0 0.01 

 ≤2.28 0.08   ≤3.9 0.10 

       

No <0.0001  Apolipoprotein B/A-I No <0.0001 Non-HDL cholesterol*, 

mmol/L ≤2.90 0.02   ≤0.68 0.04 

 ≤2.87 0.07   ≤0.67 0.05 

       

Apolipoprotein B, g/L No <0.0001     

 ≤0.90 0.02     

 ≤0.89 0.08     

The relationships with CVE were calculated by a Cox proportional hazard model that included variables for 

study, age and sex. * Calculated as total cholesterol minus HDL cholesterol 

 
 
 
Analysis of residual CVE risk 

Residual risk in patients selected according to the above determined cut-off levels is given in table 

3. Among patients with LDL cholesterol ≤2.28 mmol/L (n=3,819), a total number of 756 events 

occurred, resulting in an observed residual risk of 19.8%. In the subgroups with non-HDL 

cholesterol ≤2.87 mmol/L or apolipoprotein B ≤0.89 g/L, CVE risk numbers were 19.7% and 19.5%, 

respectively. Evaluating patients having reached the cut-off level for total/HDL cholesterol (≤3.9), 
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CVE risk turned out to be 20.2%. When patients were selected according to the apolipoprotein 

B/A-I cut-off value (≤0.67), CVE occurrence was 19.6%.  

We then performed backward stepwise regression analysis to identify the most important, 

non-lipoprotein CVE risk factor in patients having reached the above calculated cut-off levels. 

Among the regression variables that were included: sex, body mass index and glucose were not 

significant risk factors. Evidently, age was highly significantly associated with CVE occurrence 

(P<0.001). However, among modifiable risk factors, smoking status turned out to be the most 

important CVE risk determinant (P<0.001) in all subgroups, such that smokers exhibited an 

approximately 50% higher CVE risk than non-smokers. 

 

TABLE 3.  Residual CVE risk in patients having reached the lipoprotein cut-off values below which no relationship 

with CVE was observed 

Subgroup Number of patients Number of CVE CVE risk (%) 

LDL cholesterol ≤2.28 mmol/L 3,819 756 19.8 

Non-HDL cholesterol*  ≤2.87 mmol/L 3,783 747 19.7 

Apolipoprotein B ≤0.89 g/L 3,574 697 19.5 

Total/HDL cholesterol  ≤3.9 5,207 1,054 20.2 

Apolipoprotein B/A-I  ≤0.67 4,189 822 19.6 

* Calculated as total cholesterol minus HDL cholesterol 

 

 

DISCUSSION 
 

In the present study, we have attempted to estimate target values for non-HDL cholesterol, 

apolipoprotein B, total/HDL cholesterol and apolipoprotein B/A-I in patients at high CVD risk 

receiving intensive statin therapy. This was accomplished by calculating the values below which 

the relation between on-treatment levels of these parameters and the occurrence of 

cardiovascular events was lost in the IDEAL study population. This analysis resulted in estimates of 

2.87 mmol/L for non-HDL cholesterol, 0.89 g/L for apolipoprotein B, 3.9 for total/HDL cholesterol 

and 0.67 for apolipoprotein B/A-I. If patients had reached these values, smoking status was the 

most important modifiable determinant of residual CVE risk. 

 

Treatment targets for non-HDL cholesterol, apolipoprotein B, total/HDL cholesterol and 

apolipoprotein B/A-I 

Whereas several studies have focused on the predictive value of on-treatment levels of lipoprotein 

parameters other than LDL cholesterol for CVD occurrence (8, 9, 11), none have actually assessed 

target values for these parameters. In fact, the target values proposed in literature have mostly 

been deduced indirectly from existing LDL cholesterol targets and the known relationship 

between LDL cholesterol and the parameter of interest. In 2004, the Expert Panel on Detection, 

Evaluation and Treatment of high blood Cholesterol in Adults (NCEP ATPIII) incorporated non-HDL 

cholesterol in their novel guidelines as secondary treatment target for patients with high 
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triglycerides (1). This panel recognized the difference of 30 mg/dL (0.78 mmol/L) between plasma 

levels of LDL cholesterol and non-HDL cholesterol, and concluded that non-HDL cholesterol target 

values were to be 0.78 mmol/L higher than those for LDL cholesterol. This led to the definition of 

130 mg/dL (3.36 mmol/L) as non-HDL cholesterol treatment target for the highest risk group. For 

apolipoprotein B, target values were proposed by the Canadian Cardiovascular Society in their 

guidelines for cardiovascular risk management (10), as well as in an update on the NCEP ATP III 

guidelines (15). Based on the current LDL cholesterol target values and the relationship between 

LDL cholesterol and apolipoprotein B, an optimal therapeutic goal for patients at high 

cardiovascular disease risk was set at 0.90 g/L. When it comes to total/HDL cholesterol and 

apolipoprotein B/A-I, target values are more hypothetical. In the guidelines of the Canadian 

Cardiovascular Society, a level of 4.0 was recommended for total/HDL cholesterol as optimal value 

for patients at high cardiovascular disease risk (10). Of note, this value was arbitrarily chosen. For 

apolipoprotein B/A-I, 0.9 was initially proposed as target value (16), but more recent reports have 

suggested to adjust this value downward for the highest risk population (17). The current analysis 

reports cut-off levels for non-HDL cholesterol, apolipoprotein B, total/HDL cholesterol and 

apolipoprotein B/A-I below which no relationship exists with the occurrence of cardiovascular 

events in the IDEAL study population. These levels were considered as estimates of therapeutic 

goals in this cohort, comprising patients at high CVD risk who were already being treated with 

intensive statin therapy. For such high risk individuals, our results provide further evidence to 

support target values previously recommended for apolipoprotein B and total/HDL cholesterol 

(0.89 g/L and 3.9, respectively). With respect to non-HDL cholesterol, the present data suggest a 

lower level than currently advised, since previously this value would be set at 3.05 mmol/L (0.78 

mmol/L above the calculated LDL cholesterol target in our study cohort). When it comes to 

apolipoprotein B/A-I, our results clearly support further lowering of the therapeutic goal, i.e. to 

0.67. 

We recognize that the currently proposed target values may be influenced by the 

characteristics of the IDEAL study cohort. Particularly, the mean on-treatment LDL cholesterol 

value in the study, i.e. 2.4 mmol/L, illustrates that patients with very low LDL cholesterol values 

were scarce, thereby limiting the power to detect statistical significant relationships among such 

patients. In line with studies reporting a statistical significant relationship between plasma LDL 

cholesterol and CVD risk even at very low LDL cholesterol levels (18, 19), we cannot exclude that 

the presence of a more intensive treatment regime in IDEAL would have led to even lower cut-off 

values. As a result of this limitation, additional post-hoc analyses in other large scale trials are 

required to define target values for these and other patient categories, such as those without a 

history of CVD requiring less intensive statin therapy. 

 

Analysis of residual CVE risk 

In the subgroups of patients classified as adequately treated according to the calculated cut-off 

levels, a substantial level of CVE risk was still present, ranging from 19.5% to 20.2%. A detailed 
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analysis to determine the origin of the observed residual cardiovascular disease risk revealed 

smoking status as the most important modifiable risk factor in all subgroups. In fact, smokers were 

at about 50% higher CVE risk than non-smokers. These data reemphasize the clinical significance 

of smoking, even under conditions of intensive lipid lowering therapy. 

The analysis of residual risk further demonstrated that the differences in risk between the 

subgroups were small and definitely not statistically significant. This finding is somewhat 

unexpected, since the superiority of non-HDL cholesterol, apolipoprotein B and in particular 

apolipoprotein B/A-I as on-treatment risk predictors (11) can be hypothesized to result in lower 

residual risk once these parameters are used as target variables instead of LDL cholesterol. To 

further address this issue, we also analyzed residual risk among patients who were deviant with 

respect to their on-treatment plasma levels of LDL cholesterol and apolipoprotein B/A-I. Once 

patients had reached the apolipoprotein B/A-I target value, residual risk among those below the 

LDL cholesterol cut-off value (≤2.28 mmol/L) was 1.5% lower as compared to those with LDL 

cholesterol above this value. Alternatively, once the LDL cholesterol criterion had been reached, a 

higher difference in absolute risk was observed following dichotomization according to the 

apolipoprotein B/A-I cut-off value (i.e. 2.9%). Whereas this may reflect superiority of apolipoprotein 

B/A-I as CVD risk indicator on statin treatment, additional studies are required to precisely quantify 

the consequences of using these novel lipid parameters as a guide for the intensity of lipid 

lowering therapy in CVD risk management. 

 

Limitations 

In addition to the issues raised above, the present study has several limitations which merit further 

discussion. First, we do recognize that definition of optimal therapeutic goals needs a prospective 

trial format, evaluating two or more different treatment modalities in a randomized comparison. 

However, given the considerable investment in time and funds for such a study, it is virtually 

impossible to realize. Second, the outcome variable used for the titration analysis was a composite 

endpoint, including any cardiovascular event. The broad character of this endpoint was preferred 

since maximum statistical power was needed to reliably estimate the optimal target values. 

Nevertheless, despite this approach, we cannot exclude the possibility that the presence of more 

endpoints would have led to lower cut-off values. We, however, do not have access to more data 

to substantiate this.  

 

Final conclusions and clinical implications 

In the present study, target values were estimated for non-HDL cholesterol, apolipoprotein B, 

total/HDL cholesterol and apolipoprotein B/A-I in patients who are at the highest level of 

cardiovascular disease risk and received intensive statin therapy. These values turned out to be 

2.87 mmol/L for non-HDL cholesterol, 0.89 g/L for apolipoprotein B, 3.9 for total/HDL cholesterol 

and 0.67 for apolipoprotein B/A-I. Our analysis might represent a next step in the debate 
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surrounding the clinical use of alternative lipoprotein parameters, and might assist expert panels 

in their considerations surrounding this issue. 
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ABSTRACT 

 

Purpose of review – Genetic disorders of HDL metabolism are rare and, as a result, the assessment 

of atherosclerosis risk in individuals suffering from these disorders has been difficult. Ultrasound 

imaging of carotid arteries has provided a tool to assess the risk in hereditary hypo- and 

hyperalphalipoproteinemia. This review gives a comprehensive summary.  

Recent findings – Epidemiological studies have unequivocally shown that HDL cholesterol levels 

are inversely related to coronary artery disease risk, but the literature concerning genetic disorders 

of HDL metabolism provides less convincing information. Fortuitously, we were able to directly 

compare carotid intima media thickness data of substantial numbers of individuals with mutations 

in either apolipoprotein A-I, ATP binding cassette AI (ABCA1), lecithin:cholesterol acyltransferase 

(LCAT) or cholesteryl ester transfer protein (CETP). These data show that carriers of an 

apolipoprotein A-I mutation exhibit the most pronounced accelerated atherosclerosis compared 

with those carrying mutations in ABCA1 and LCAT. Heterozygosity for a non-sense mutation in 

CETP did, by contrast, not distinguish carriers from controls in terms of intima media thickness 

progression. We will discuss these results in the context of the current literature. 

Summary – Intima media thickness studies have provided evidence that hypoalphalipo- 

proteinemia due to mutations in apolipoprotein A-I, ABCA1, and LCAT is associated with increased 

progression of atherosclerosis. In contrast, hyperalphalipoproteinemia as a result of loss of CETP 

function is associated with unaltered atherosclerosis progression compared with family controls. 

This insight is of interest, since it can assist in the prioritizing of anti-atherogenic therapy by 

increasing HDL cholesterol levels. 

 

 

Abbreviations – ABCA1, ATP-binding cassette transporter A1; CAD, coronary artery disease; CETP, 

cholesteryl ester transfer protein; FED, fish-eye disease; FHA, familial hypoalphalipoproteinemia; 

FLD, familial lecithin:cholesterol acyltransferase deficiency; HDL, high-density lipoprotein; IMT, 

intima media thickness; LCAT, lecithin:cholesterol acyltransferase; LDL, low-density lipoprotein; 

RCT, reverse cholesterol transport 
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REVIEW 

 

Introduction 

Coronary artery disease (CAD) is the major cause of morbidity and mortality in developed 

countries and is becoming increasingly important in less developed regions (1). Numerous clinical 

trials have consistently shown that lowering low-density lipoprotein (LDL) cholesterol levels 

reduces the risk for atherosclerosis and is thus considered the cornerstone in the prevention of 

sequelae. Nevertheless, in all ‘landmark’ statin trials at least half of all events in patients on active 

treatment could not be prevented (2, 3). This has led to a more aggressive approach to lowering 

LDL cholesterol (4), as well as to a quest for novel pharmacological targets. High-density 

lipoprotein (HDL) is widely accepted as such a target (5). Of the various atheroprotective 

properties that have been ascribed to this lipoprotein (6), its role in reverse cholesterol transport 

(RCT), the transport of cholesterol from peripheral cells to the liver, has been emphasized most 

strongly (7). A large number of proteins, enzymes and receptors are involved in HDL metabolism, 

and mutations in the genes encoding these factors are associated with marked alterations in 

plasma HDL cholesterol levels. Mutations in apolipoprotein A-I, ATP binding cassette A1 (ABCA1) 

and lecithin:cholesterol acyltransferase (LCAT) have all been shown to underlie familial 

hypoalphalipoproteinemia (FHA), whereas cholesteryl ester transfer protein (CETP) gene defects 

underlie familial hyperalphalipoproteinemia. Studying these disorders has given crucial insight 

into the in-vivo relevance of these proteins in HDL metabolism, as recently reviewed by Miller and 

colleagues (8).  

A number of recent studies in rodents as well as in man suggest that interventions that 

specifically raise apolipoprotein A-I concentration, or increase ABCA1 or LCAT activity may be 

atheroprotective but direct evidence is scarce. Infusions of apolipoprotein A-I phospholipid 

complexes in post-acute coronary syndrome patients was shown to reduce atheroma in the 

coronaries (9), but this needs confirmation in larger controlled trials. In addition, CETP inhibition 

was recently proven to effectively raise HDL cholesterol levels in man (10, 11), however data on the 

anticipated reduction of CAD risk has yet to be generated.  

It has been suggested, in single case descriptions and small family studies, that some 

monogenetic disorders of HDL cholesterol metabolism result in ‘paradoxical phenotypes’; that is, 

low HDL cholesterol but unaltered CAD risk (12), as well as high HDL cholesterol associated with 

increased risk (13). Addressing this issue more methodologically, we have studied preclinical 

manifestations of atherosclerosis in a unique set of families of Dutch descent with various genetic 

disorders of HDL metabolism. We used the instrument of carotid intima media thickening (IMT), a 

validated surrogate marker for atherosclerosis. Specifically, this review discusses the main findings 

of a direct comparison of individuals with mutations in apolipoprotein A-I, ABCA1, LCAT and CETP, 

in the context of the existing IMT literature in this field.  

Prior to discussing the IMT data, we will briefly summarize the functions of the 

aforementioned proteins in HDL metabolism (for a review, see Miller and colleagues (8)). 
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Apolipoprotein A-I is the major protein constituent of the HDL particle. The gene is exclusively 

expressed in the liver and small intestine, and upon secretion into plasma, apolipoprotein A-I is 

lipidated through ABCA1-mediated efflux of free cholesterol and phospholipids from peripheral 

cells. This lipidation results in the formation of nascent disc-shaped HDL particles (14). Through the 

esterification of free cholesterol into cholesteryl ester by LCAT, the nascent HDL particle can 

mature into larger and spherical HDL. The HDL-cholesteryl ester is transferred, in part, to 

apolipoprotein B containing lipoproteins in exchange for triglycerides by the action of CETP. 

Through this activity, tissue-derived cholesterol can find its way to the liver via receptor mediated 

uptake of LDL particles for secretion into bile.  

 

Intima media thickness  

The ability to noninvasively measure carotid IMT to study morphological changes of the arterial 

wall has been described in extenso elsewhere (15). In summary, IMT measurements acquired with 

B-mode ultrasound imaging depict the intima–media complex of carotid arterial walls as a 

continuous variable. As was shown in prospective epidemiological studies, a modest increase in 

IMT substantially increases the risk for myocardial infarction and stroke. IMT measurements have 

also shown the benefit of cholesterol-lowering and antihypertensive compounds. Taken together, 

IMT has now been accepted by regulatory authorities, such as the Food and Drug Administration 

of the USA, as a validated surrogate marker for atherosclerotic vascular disease. Noninvasive IMT 

studies have allowed a more refined view of the progression of atherosclerosis over age both in 

large epidemiological studies as well as in small study groups (16).  

 

Apolipoprotein A-I 

Apolipoprotein A-I has unambiguously been shown to protect against atherosclerosis in animal 

studies (17, 18). In humans, large prospective epidemiological studies have also established that 

apolipoprotein A-I levels are strong predictors of CAD risk (19). Surprisingly, susceptibility for CAD 

has been shown to differ markedly between carriers of apolipoprotein A-I defects. To our 

knowledge, approximately 25 patients with complete apolipoprotein A-I deficiency have been 

reported (20-22). Although almost all cases were characterized by the absence of HDL cholesterol, 

premature CAD was present in only 11 of these patients. Of note, however, is that the remaining 

14 cases were below the age of 50, with the exception of one case (21). These patients may 

therefore have been too young for clinical manifestations of atherosclerosis to occur. Despite this 

notion, it remains remarkable that even at these ages, manifestations of atherosclerosis are absent 

in the context of nearly complete HDL deficiency. However, the relatively small number of carriers 

and the focus on clinical events may have resulted in an underestimation of the clinical 

consequences of such mutations.  

To date, two IMT studies have been performed in carriers of apolipoprotein A-I defects. In the 

Limone sul Garda Study, IMT was measured in 21 carriers of the apolipoprotein A-IMilano defect, 41 

age and sex-matched controls, and 42 FHA individuals without a known defect. Carriers of 
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apolipoprotein A-IMilano (23) and controls did not differ in terms of mean IMT. By contrast, FHA 

individuals were characterized by significantly increased arterial wall thickness (24). The second 

IMT study was performed in 33 carriers of the apolipoprotein A-I(L178P) mutation and 40 family 

controls (25). Heterozygous carriers of the apolipoprotein A-I(L178P) mutation showed a 50% 

reduction in apolipoprotein A-I and HDL cholesterol levels when compared with controls. 

Atherosclerosis was visualized in these carriers by plotting the cross-sectional IMT data against age. 

This showed that arterial wall thickness progression was significantly increased in carriers 

compared with controls. Remarkably, the rate of progression in carriers of the apolipoprotein A-I 

defect was not different from patients suffering from familial hypercholesterolemia. Thus, the 

results of this study show that a monogenetic disorder of HDL metabolism had a similar 

detrimental vascular effect as a pronounced defect in LDL metabolism. In line with the IMT data, 

we noted a severely increased risk for CAD (odds ratio 18.9; CI 2.3–158.9) in the affected individuals. 

The striking difference in atherosclerosis progression between carriers of the apolipoprotein A-

IMilano and apolipoprotein A-I(L178P) mutation is likely due to the profoundly different effects of the 

gene mutations at the protein level. Apolipoprotein A-I(L178P) is not detected in plasma, and 

heterozygosity for the mutation can thus be regarded as a null allele. Apolipoprotein A-IMilano, by 

contrast, contains an additional cysteine bridge, is secreted into the circulation and renders an 

increased potential to promote cellular cholesterol efflux compared with wild-type apolipoprotein 

A-I (26).  

 

ATP binding cassette A1 

In 1997, Calabresi and Franceschini (27) described that CAD risk in Tangier disease, due to loss of 

ABCA1 function, varied widely from one kindred to another. Based on the extremely low levels of 

HDL cholesterol (typically around 0.1 mmol/L), Tangier disease patients would be expected to die 

from premature atherosclerosis. However, elderly Tangier disease patients without CAD have been 

described (28). Low levels of atherogenic LDL cholesterol in Tangier disease patients have been 

postulated as a possible explanation for this paradox (29). This idea was, however, recently 

disputed by high LDL cholesterol levels in a 52-year-old Tangier disease patient without clinical 

events and with a normal carotid IMT (30). Possibly, part of the confusion with regards to the CAD 

risk in ABCA1 mutation carriers has been caused by misclassification. In early reports, Tangier 

disease was classified by HDL cholesterol levels and clinical phenotype. A more accurate 

classification of carriers became possible after the finding that mutations in the ABCA1 gene 

underlie Tangier disease (31-33). This has enabled a more accurate CAD risk estimation (reviewed 

in (34)). Also, Clee et al. (35) addressed the risk for CAD in five Tangier disease patients, 77 

heterozygotes for ABCA1 mutations (a total of 13 different mutations) and 156 unaffected family 

controls, originating from 11 unrelated families. The odds ratio for CAD was shown to be 3.47 (95% 

CI 1.08–11.09) and 5.85 (95% CI 0.55–62.4) in the heterozygous and homozygous Tangier disease 

patients, respectively. 
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Four of the above-mentioned families were also enrolled in a study in which the relationships 

between HDL cholesterol, cellular cholesterol efflux (from cholesterol-loaded patient’s fibroblasts), 

and arterial wall changes were investigated in detail (36). HDL cholesterol levels and cellular 

cholesterol efflux were closely related (r=0.90; P<0.001). Moreover, IMT increased with decreasing 

cellular cholesterol efflux capacity of the patient’s fibroblasts (r=–0.60; P=0.018). These data 

underscore that ABCA1 dysfunction is directly linked with vascular disease risk. In contrast, no 

effects on carotid IMT were observed in carriers of another ABCA1 mutation (W590L) (37). The 

discrepancy with the results of Clee et al. (35) could be explained by the fact that the latter 

investigators only studied five carriers and 10 family controls. Sample size as well as the effect of 

the mutation on cholesterol efflux may have been too small to draw conclusions. In addition, HDL 

cholesterol levels were below 1.0 mmol/L in three of the five ABCA1 mutation carriers and in two 

of the 10 noncarriers, indicating that the W590L mutation suffers from low penetrance. In 

conclusion, most of the available data in humans point to a pro-atherogenic effect of 

compromised ABCA1 function. This is also supported by the finding of endothelial dysfunction in 

ABCA1 mutation carriers compared with family controls (38), which is currently considered to 

precede morphological changes in the arterial wall. 

 

Lecithin : cholesterol acyltransferase 

Mutations in the LCAT gene cause either familial LCAT deficiency (FLD) or fish-eye disease (FED). 

Both conditions are characterized, in the homozygous state, by 5–10% of normal HDL cholesterol 

(39) and corneal opacifications (40, 41). In addition, FLD patients also present with proteinuria, 

anemia and renal disease. The differences in clinical phenotypes are likely related to the fact that 

in FLD plasma LCAT activity is virtually absent, whereas in FED patients LCAT is still partly active, 

but mainly on apolipoprotein B-containing lipoproteins. It is of note that these phenotypes cannot 

be predicted by the nature of mutation, nor by its position in the gene (39). Heterozygous carriers 

of LCAT defects lack clinical symptoms, although their HDL cholesterol levels are typically half the 

normal level.  

Despite its commonly accepted role in RCT, the association between LCAT and 

atherosclerosis has remained elusive. Thus far, over 40 mutations in the LCAT gene have been 

described in reports that predominantly investigated single cases or small nuclear families. As a 

consequence, CAD risk prediction has been biased and incomplete. Also, it has been proposed 

that FED and FLD patients are protected against CAD because of a preferential clearance of HDL 

fractions that have less anti-atherogenic potential (42). Furthermore, some hypothesize that HDL 

cholesterol derived from FLD would be a superior acceptor for cholesterol efflux, although this has 

been refuted by Ohta and colleagues (43).  

Following our studies in carriers of apolipoprotein A-I and ABCA1 mutations, we recently 

investigated 68 carriers of LCAT defects and 74 family controls to better understand the role of 

LCAT in human atherogenesis. For this study, we recruited the family members of three previously 

described probands (44-47) with FED and those of two novel FED index patients. Compared with 
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controls, heterozygotes and homozygotes presented with a 40 and 90% decrease in HDL 

cholesterol, respectively (P<0.001 for both), as well as with a 22% and 337% increase in triglyceride 

levels (P=0.017 and P<0.0001, respectively). Surprisingly, heterozygotes and homozygotes also 

displayed a significant approximate twofold increase in median high-sensitivity C-reactive protein 

(hs-CRP) levels compared with controls. The atherogenic lipid profile of the heterozygotes was 

accompanied by an IMT increase progression of 0.00538 mm/year (versus 0.00301 mm/year for 

controls). After correction for kinship interactions and baseline values, this difference in IMT 

progression was highly statistically significant (P<0.0001). The low number of homozygotes (n=9) 

combined with their relatively high age (compared with heterozygotes and controls) could, 

unfortunately, not provide the required information for solid conclusions.  

This finding of increased progression of atherosclerosis in LCAT mutations carriers was 

substantiated by a markedly increased incidence of CAD (0% in family controls, 7% in 

heterozygotes and 33% in homozygotes; P<0.001). Thus, loss of LCAT function is associated with 

an atherogenic lipid profile, increased hs-CRP, increased IMT, and an increased incidence of CAD. 

These findings strongly suggest that LCAT protects against atherosclerosis as was recently 

supported by LCAT gene therapy studies in mice (43). Consequently, upregulation of LCAT in man 

would be expected to protect against CAD. 

 

Cholesteryl ester transfer protein 

Complete loss of CETP activity due to mutations in the CETP gene can result in up to five times 

normal HDL cholesterol levels (48). CETP deficiency is common in Japan, where it explains almost 

half of all hyperalphalipoproteinemia cases (49). In Caucasians, however, CETP deficiency has 

hardly been described (50). The relationship between CETP defects and CAD risk is confusing. 

Initially, CETP-deficient patients were thought to have a reduced CAD risk (48) but, in contrast, 

more recent studies revealed that hetero- and homozygosity for CETP gene mutations is 

associated with an increased CAD risk (13, 51, 52). This discrepancy was ascribed to the actual HDL 

cholesterol levels; in fact, only CETP-deficient patients with high HDL cholesterol levels (>1.6 

mmol/L) were shown to be protected from CAD. 

Recently, our group identified a novel CETP gene defect in a Caucasian family. This CETP 

mutation (IVS7+1), causing a null allele, underlay half normal CETP activity and concentration. We 

compared 25 heterozygotes for this splicing defect (IVS7+1) with 25 family controls. CETP IVS7+1 

carriers differed from family controls with regards to HDL cholesterol levels (+36%, P=0.001), HDL 

size (+5%, P=0.008) and LDL size (+1.5%; P=0.045). However, IMT progression over age did not 

differ between carriers and controls (P=0.4). In agreement with data from the Honolulu Heart 

Program, in which CETP-deficient Japanese were exposed to the North American diet and lifestyle 

(53), these data indicate that in a Western environment, reduced CETP function is not associated 

with an altered risk for CAD.  

Studies focusing on atherogenesis in CETP-deficient patients are of particular interest, since 

they can be considered as the model for life-long reduced CETP activity. It is tempting to use this 
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natural model of loss of CETP function to predict the vascular effects of CETP inhibitors (10, 11). It 

should, however, be kept in mind that pharmacological modulation of CETP activity and reduced 

CETP function due to genetic defects may not necessarily result in similar effects on vascular 

outcome. 

 

Intima media thickness progression in carriers of monogenetic disorders in HDL metabolism 

Taken together, we have consecutively measured carotid IMT in carriers of apolipoprotein A-I, 

ABCA1, LCAT and CETP mutations and in their family controls. All these Caucasian participants 

were of Dutch Caucasian descent and environmental factors were essentially similar amongst all 

cohorts (table 1). For all groups, age was plotted against IMT to illustrate the increase in carotid 

arterial wall thickening over time in the different groups as well as unaffected family controls. 

Standardized ultrasound imaging and image analysis procedures (15) allowed for a direct 

comparison of cross-sectional IMT data between the different monogenetic disorders. The box 

plot in figure 1 clearly shows the impact of HDL cholesterol levels on the arterial wall. From these 

data, also summarized in figure 2, it becomes clear that arterial wall thickness progression was 

fastest in apolipoprotein A-I mutation carriers, followed by carriers of ABCA1 and LCAT mutations 

(while all three exhibited a significant increase in IMT compared with the family controls). This 

implies that the underlying genetic defect in hypoalphalipoproteinemia may be of importance 

when it comes to the risk for vascular disease. In contrast to FHA, CETP mutation carriers showed 

similar carotid IMT compared with controls. 

We noted that a 50% loss of apolipoprotein A-I concentration, and a concomitant decrease in 

HDL cholesterol levels, yields a more pronounced effect on atherosclerosis progression than 

similar reductions in HDL cholesterol due to loss of either ABCA1 or LCAT activity. This leads us to 

 

TABLE 1.  Demographic, biochemical and vascular characteristics by genetic defect and control status 

 Controls ApoA-I defect ABCA1 defect LCAT defect CETP defect 

Total number, n 280 33 27 68 18 

Homozygous/compound 

heterozygous carriers, n 
- 0 2 9 0 

Heterozygous carriers, n - 33 25 59 18 

Age, years 40.1 ± 20.7 40.8 ± 19.9 46.4 ± 20.8 42.4 ± 21.3 41.1 ± 21.2 

Body mass index, kg/m2 23.8 ± 4.6 24.8 ± 5.1 23.3 ± 4.2 25.8 ± 5.6 23.8 ± 5.0 

Male/Female, n/n 137/143 21/12 12/15 41/27 7/11 

Smoking, n (%) 53 (19%) 7 (21%) 5 (19%) 15 (22%) 4 (22%) 

Hypertension, n (%) 28 (10%) 2 (6%) 3 (11%) 11 (16%) 4 (22%) 

Diabetes, n (%) 2 (1%) 0 0 0 0 

CAD, n (%) 3 (1%) 5 (15%) 6 (22%) 7 (10%) 0 

HDL cholesterol, mmol/L 1.59 ± 0.57 0.47 ± 0.25 0.76 ± 0.34 0.70 ± 0.32 2.17 ± 0.69 

Apolipoprotein A-I, g/L 1.53 ± 0.26 0.71 ± 0.30 0.94 ± 0.46 1.06 ± 0.34 - 

Triglycerides, mmol/L 0.87 0.89 0.98 1.35 0.98 

Total cholesterol, mmol/L 5.13 ± 1.22 4.31 ± 1.13 4.67 ± 1.35 4.63 ± 1.19 5.66 ± 1.12 

LDL cholesterol, mmol/L 3.06 ± 1.03 3.24 ± 0.95 3.17 ± 1.20 3.04 ± 0.87 2.85 ± 1.05 

IMT progression (mm/year) 0.0046 ± 0.00024 0.0082 ± 0.0011 0.0073 ± 0.0015 0.0055 ± 0.0062 0.0047 ± 0.0011 

All values are given as mean ± standard deviation.   
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hypothesize that reduced HDL cholesterol due to defects in the initial steps of the RCT process 

result in more accelerated atherosclerosis compared with defects in subsequent steps in the RCT. 

It is, however, unknown whether these differences can be explained by differential effects on RCT, 

or by variation in other HDL-related anti-atherogenic properties amongst the studied cohorts. 

These findings may illustrate that HDL cholesterol levels per se do not necessarily reflect the 

atheroprotective potential of HDL. Improved insight into the progression of atherosclerotic 

vascular disease in individuals with genetic disorders of HDL metabolism is of interest since it can 

assist in the prioritizing of anti-atherogenic therapy by increasing HDL cholesterol levels. In fact, 

the use of apolipoprotein A-IMilano infusion as a therapeutic agent, the materialization of a number 

of CETP inhibitors, and the discovery of ABCA1 agonists such as liver X receptor activators could 

partly be considered as a successful exploitation of knowledge obtained from these ‘extreme 

genetics’ studies that have successfully investigated the relationship between HDL and 

atherogenesis. 

 

FIGURE 1.  Mean carotid intima media thickness (IMT) in carriers of genetic defects in HDL metabolism

 

 

 

 

 

 

 

 

FIGURE 2.  Inherited disorders of human HDL metabolism and atherosclerosis assessed by intima media thickness 
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Conclusion 

Regardless of the genetic cause, this review shows that FHA is associated with varying but always 

increased carotid IMT progression, and as such with increased CAD risk. This was indeed confirmed 

by more cardiovascular events in carriers compared with controls. In contrast, half normal CETP 

function, linked with high HDL cholesterol, was associated with unaltered atherosclerosis 

progression. Although one may speculate that CETP inhibition may therefore not be effective, we 

would like to underline that elevated HDL cholesterol levels in otherwise healthy individuals are 

not representative of pharmaceutical CETP inhibition in patients with low HDL cholesterol levels 

who are at increased risk for CAD. 

These current insights into human disorders further add to our knowledge of HDL 

metabolism and atherosclerosis risk. Since FHA and hyperalphalipoproteinemia often remain 

unexplained, the future will undoubtedly bring new factors that regulate HDL cholesterol, 

potentially providing novel targets for pharmaceutical compounds. 
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ABSTRACT 

 

It is unclear whether cholesteryl ester transfer protein (CETP) contributes to HDL cholesterol levels 

in hyperalphalipoproteinemia (HALP) in Caucasians. Moreover, even less is known about the 

effects of hereditary CETP deficiency in non-Japanese. We have studied 95 unrelated Caucasian 

individuals (46% male) with HDL cholesterol levels averaging 2.35 ± 0.42 mmol/L. Unlike findings 

in Japanese subjects with HALP, no correlations between CETP concentration or activity and HDL 

cholesterol were identified in our cohort. Screening for CETP gene defects in this cohort led to the 

identification of heterozygosity for a novel splice site mutation in one individual. CETP mRNA 

analysis of adipose tissue revealed that 20% of the CETP mRNA pool consisted of the anticipated 

alternatively spliced CETP mRNA. 25 heterozygotes for this mutation showed reductions of CETP 

concentration (-40%) and CETP activity (-50%), and a 35% increase of HDL cholesterol compared to 

family controls (matched for age, gender and body mass index). The heterozygotes presented with 

isolated high HDL cholesterol, while the remaining 94 HALP subjects exhibited a typical high HDL 

cholesterol and low triglyceride phenotype. The increase of HDL cholesterol in the CETP deficient 

heterozygotes was primarily due to elevated LpAI:AII levels, contrasting with a rise in both LpAI 

and LpAI:AII in the other group. This study suggests the absence of a relationship between CETP 

and HDL cholesterol levels in Caucasians with HALP. The data furthermore indicate that genetic 

CETP deficiency is rare amongst Caucasians and that this disorder presents itself with a phenotype 

that is different from subjects with HALP who have no mutation in the CETP gene. 

 

 

Abbreviations – CETP, cholesteryl ester transfer protein; CETP-IVS7+1, G→T nucleotide substitution 

at nucleotide +1 of intron 7 of the CETP gene; HALP, hyperalphalipoproteinemia; HDL, high-

density lipoprotein; LCAT, lecithin:cholesteryl acyltransferase; LDL, low-density lipoprotein; LpAI, 

HDL containing apolipoprotein AI only; LpAI:AII, HDL containing apolipoprotein AI and AII; PLTP, 

phospholipid transfer protein;  
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INTRODUCTION 

 

In the general population, variations of HDL cholesterol levels are commonly ascribed to a 

combination of environmental and genetic factors (1). By contrast, extremely high levels of HDL 

cholesterol (hyperalphalipoproteinemia, HALP) are often the result of monogenetic disturbances. 

Among the genetic factors identified thus far (such as scavenger receptor B1 (2, 3) and 

apolipoprotein CIII deficiency (4)), deficiency of cholesteryl ester transfer protein (CETP) is a well-

established cause of HALP (5). The CETP gene (6) is located on the long arm of chromosome 16 (7) 

and comprises 16 exons (8). In the circulation, CETP mediates the transfer of cholesteryl esters 

from HDL to apolipoprotein B containing lipoproteins (VLDL, IDL, LDL) (9, 10). Human CETP 

deficiency is accordingly characterized by cholesteryl ester enrichment of HDL which results in 

increased levels of HDL cholesterol. This observation has led to the development of small 

molecular inhibitors of CETP which have been shown efficacious to increase plasma levels of HDL 

cholesterol in humans (11-14). 

The central role of CETP in human HDL metabolism only became evident after the 

identification of Japanese subjects suffering from genetic CETP deficiency. Homozygotes for loss 

of function mutations showed up to 4 times elevations of HDL cholesterol levels (15, 16). Since this 

discovery in 1989, CETP mutations have primarily been identified in Japan, and Maruyama et al. 

showed that genetic CETP deficiency is in fact a very frequent cause of HALP in this country (17). 

Heterozygosity for a splice donor acceptor site mutation in intron 14 (Int14+1 G→A) (15) and 

heterozygosity for a missense mutation in exon 15 (D442G) (16) were reported to underlie 74% 

and 62% increased HDL cholesterol levels compared to controls, respectively. Loss of CETP activity 

was furthermore characterized by increased HDL2 cholesterol concentration (18) and increased 

mean HDL particle size (19). Taken the central role of CETP in exchanging neutral lipids between 

HDL and apolipoprotein B containing lipoproteins, it is expected that CETP deficiency would also 

affect (V)LDL metabolism. However, heterozygotes for Int14+1 G→A or D442G have not been 

reported to suffer from changes in LDL cholesterol, apolipoprotein B or triglyceride levels (5), 

despite an approximate 50% reduction of CETP activity levels. Regarding LDL particle size, it has 

been shown that the dimensions of these particles are distributed over an atypical wide range in 

subjects suffering from homozygous CETP deficiency (20), but data covering this specific issue are 

scarce. 

Taken together, genetic CETP deficiency and the use of CETP inhibitors have illustrated that 

CETP has a strong impact on HDL metabolism and that loss of CETP activity generates favorable 

changes of lipid profiles. Data regarding genetic CETP deficiency, however, are mainly derived 

from subjects living in Japan. In Caucasians, the literature on CETP and HALP is scarce. In fact, only 

a few Caucasian individuals suffering from CETP deficiency have been presented in case reports 

(21-24). Consequently, it is not known whether CETP plays a major role in determining HDL 

cholesterol levels in non-Japanese subjects. The first objective of this study was therefore to 

investigate the relationship between CETP and HDL cholesterol levels in Caucasian subjects with 
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HALP. The second objective was to screen for genetic CETP deficiency in this study cohort. The 

identification of a large family with a novel CETP gene defect allowed us to study in depth the 

impact of this mutation on lipid metabolism.  

 

 

METHODS 
 

Definition of study group 

Over the past decade, we have used our lipid clinic network and contacts with general 

practitioners in the Netherlands to collect plasma and DNA of individuals with HALP, with the 

intent to identify novel genes that control HDL cholesterol levels. The vast majority of these 

individuals came to the attention of their physicians through general lipid tests which revealed 

high HDL cholesterol levels. For the present study, we studied 95 unrelated Caucasian index 

subjects (44 males, 51 females) from families in which HALP was established in at least 3 first 

degree relatives. The average number of family members per index subject recruited was 14 and 

ranged from 4 to 342. Subjects were defined to have HALP if they presented with HDL cholesterol 

levels above the 90th percentile for age and gender at 2 visits, without the presence of secondary 

causes that could lead to a HALP phenotype (extensive regular aerobic exercise, regular 

substantial alcohol intake, estrogen replacement therapy, drugs (fibrates, nicotinic acid, 

phenytoin)). Nine out of the 95 subjects received statin therapy for suspected (n=1) or proven 

(n=4) cardiovascular disease or for unknown reason (n=4). One of these subjects was additionally 

treated with a fibrate (Gemfibrozil), but the presence of a HALP phenotype before start of this 

therapy as well as the presence of this phenotype in 3 first degree relatives were reason for 

inclusion of this individual. 

Informed consent was obtained for blood sampling and genetic analyses, and the study was 

approved by the Medial Ethics Committee of the Academic Medical Center in Amsterdam, the 

Netherlands. 

 

Genomic CETP DNA sequence analysis and mutation screening 

To screen for genetic CETP deficiency, subjects with CETP concentration <1.4 μg/ml (which is the 

lower limit of the normal range for CETP concentration of our ELISA) were selected from the HALP 

group. CETP gene sequence analysis was subsequently performed when low CETP concentration 

in these subjects co-segregated with the HALP phenotype (defined above) in at least one family 

member. Genomic DNA was isolated from peripheral blood leukocytes. All 16 exons of the CETP 

gene, including intron-exon boundaries (minimum of 50 nucleotides into intronic DNA), and 1,500 

base pairs of the CETP promoter were amplified by standard PCR using CETP specific primers 

based on GenBank sequence NT_024766. Sequence reactions were performed using the Big Dye 

Terminator ABI Prism Kit on an Applied Biosystems Model 310 automated DNA sequencer 

(Applied Biosystems, Nieuwerkerk a/d IJssel, The Netherlands). 
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Screening for the CETP-IVS7+1 mutation was performed by restriction fragment length 

polymorphism analysis using the forward 5'-CGGTGCCTGGTACACACTAG-3' and reverse 5'-

CATAGTGCATCAGGTGGCTT-3' primers for PCR and digestion with XcmI (New England Biolabs, 

Beverly, MA, USA), which digests wild-type (wt) DNA, but not the mutant sequence. 

 

RNA isolation and reverse transcription PCR 

Total RNA was isolated from peripheral leukocytes. One volume of whole blood was mixed with 9 

volumes lysis buffer (155 mM NH4Cl, 10 mM KHCO3, 0.1 mM EDTA) and kept on ice for 15 minutes. 

Cells were collected by centrifugation at 3000g, washed twice by resuspension in lysis buffer and 

repeated centrifugation. The pellet was resuspended in Tripture and RNA was isolated according 

to the manufacturer's instructions (Roche Diagnostics Nederland BV, Almere, The Netherlands). 

First strand cDNA was generated from 1μg total RNA with Superscript II Rnase H- (Invitrogen, 

Breda, The Netherlands) with an oligo dT14VN primer. Part of the cDNA reaction was used as 

template for a standard PCR. Primers used to detect alternative splicing products were 5'-

TGGATCAAGCAGCTGTTCACA-3' and 5'-TGATGGGACTCCAGGTAGGA-3', sequences derived from 

exons 6 and 8, respectively. PCR products were visualized on ethidium bromide-containing 

agarose gels, and if needed excised and prepared for sequencing. 

To quantify alternatively spliced CETP mRNA, mRNA was isolated using Magnapure isolation 

(Roche Diagnostics Nederland BV, Almere, The Netherlands) from abdominal adipose tissue 

obtained by needle aspiration from a heterozygote for CETP-IVS7+1 and 2 control subjects. The 

amount of total CETP mRNA (wild type & mutant) and wild type CETP mRNA was determined with 

LightCycler SybrGreen quantification using primer sets in exons 2, 3 and exons 6, 7, respectively. 

GAPDH mRNA levels were determined as an internal control. 

 

Lipids, lipoproteins, apolipoproteins, and lipid modifying proteins 

All measurements were performed on fasting blood samples. Lipids were measured using 

standardized techniques. CETP concentration was determined by ELISA (25) and plasma 

apolipoproteins A-I, A-II, B and E were measured by nephelometry (Dade Behring, Marburg, 

Germany). LpAI and LpAI:AII concentrations were determined by rocket gel electrophoresis (Sebia, 

France). Plasma CETP, LCAT and phospholipid transfer protein (PLTP) activities were all measured 

using excess exogenous substrate methods (26). Activities are expressed as a percentage of the 

activity measured in pooled plasma obtained from 100 normolipidemic subjects. Lipoprotein 

subfraction concentrations and lipoprotein particle size were quantified by NMR spectrometry 

(27). 

  

Statistical analysis 

Analyses were performed using the Statistical Program for the Social Sciences (version 12.0.2 SPSS 

Inc, Chicago, Il, USA). A P-value <0.05 was considered significant. Continuous variables with a 

skewed distribution were log-transformed before analysis. 



Chapter 8 

102 

Pearson correlation coefficients (r) were calculated to examine the relationship between CETP 

concentrations, CETP activity, specific CETP activity and HDL cholesterol. Linear regression analysis 

was performed to examine these relationships adjusted for age, sex, body mass index, smoking 

and statin/fibrate use when these factors significantly contributed to the regression model. Results 

of the linear regression analyses are presented as standardized coefficients (β).  

A general linear model was used to compare lipids, (apo)lipoproteins, lipoprotein modifying 

enzymes and NMR data of the groups presented in tables 1, 3 and 4. Using backward stepwise 

linear regression analysis, we again adjusted for age, sex, body mass index, smoking and statin use 

when these parameters significantly contributed to the model. To investigate the effect of fibrate 

therapy, analyses were also performed following exclusion of the individual receiving Gemfibrozil. 

 

 

RESULTS 

 

CETP and hyperalphalipoproteinemia 

The first objective of this study was to investigate the relationship between CETP and HDL 

cholesterol levels in Caucasian subjects with HALP. To this purpose, we studied 95 unrelated 

probands from families in which HALP was established in at least 3 first degree relatives. The 

average HDL cholesterol level in this group was 2.35 ± 0.42 mmol/L (table 1), with higher HDL 

cholesterol levels in women compared to men (2.61 ± 0.32 vs. 2.06 ± 0.33 mmol/L; P<0.0001; table 

1). Plasma CETP concentration was normally distributed and averaged 1.89 ± 0.60 μg/mL. Males 

presented with non-significant lower CETP concentration compared to the females (1.79 ± 0.54 vs. 

1.98 ± 0.60 μg/mL, p=0.21; table 1). Mean plasma CETP activity in the entire group was similar to 

pooled plasma of healthy volunteers (99.0% vs. 100%). 

 

 

TABLE 1.  Demographic and clinical characteristics, lipids, CETP concentration, CETP activity and specific CETP 

activity in 95 individuals with hyperalphalipoproteinemia 

 
All 

n=95 

Men 

n=44 

Women 

n=51 

P 

 

Age, years 57 ± 14 57 ± 14 58 ± 14 - 

Smoking, % 20.0 20.5 19.6 - 

Body mass index, kg/m2 24.0 ± 2.7 24.2 ± 2.6 23.8 ± 2.8 - 

Total cholesterol, mmol/L 6.31 ± 1.01 6.25 ± 1.05 6.37 ± 0.98 - 

LDL cholesterol, mmol/L 3.58 ± 0.98 3.80 ± 0.97 3.39 ± 0.97 - 

HDL cholesterol, mmol/L 2.35 ± 0.42 2.06 ± 0.33 2.61 ± 0.32 <0.0001 

Triglycerides, mmol/L 0.83 ± 0.39 0.85 ± 0.49 0.81 ± 0.29 - 

CETP concentration, μg/mL 1.89 ± 0.60 1.79 ± 0.54 1.98 ± 0.60 0.21 

CETP activity, %* 99.0 ± 25.4 96.8 ± 19.4 100.9 ± 29.7 0.42 

Specific CETP activity, %/μg 54.3 ± 12.8 56.9 ± 13.2 52.0 ± 12.2 0.11 

Values are given as means ± standard deviation; P: men vs. women, following correction for differences in age, 

sex, smoking, body mass index and statin use when these parameters significantly contributed to the model. 

Exclusion of the individual receiving fibrate therapy did not affect outcome.  

*Assessed in 71 of 95 subjects (males: 33/44; females: 38/51) without selection bias. 
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Mean CETP activity was slightly lower in men (96.8 ± 19.4%) compared to women (100.9 ± 29.7%), 

but this difference was not statistically significant (P=0.42). Thus, compared to men, the women 

presented with higher HDL cholesterol levels accompanied by non-significant elevations in CETP 

concentration and activity (exclusion of the individual receiving fibrate therapy generated similar 

results). 

Using the data of the entire group, we identified a correlation between CETP concentration 

and CETP activity (r=0.67; P<0.0001; table 2). Addressing the first question of this study, HDL 

cholesterol levels were not correlated with either CETP activity (r=0.17; P=0.16), CETP 

concentration (r=0.14; P=0.17), or specific activities of CETP (r=-0.17; P=0.16). Linear regression 

analysis, adjusted for age, sex, body mass index, smoking and statin/fibrate use when necessary, 

generated similar results. CETP activity was assessed in 71 out of 95 subjects due to a lack of 

sufficient plasma. 

 

TABLE 2.  Relationships between CETP activity, CETP concentration, specific CETP activity and HDL cholesterol in 95 

subjects with HDL cholesterol levels above the 90th percentile for age and sex   

 r P1 β P2 

CETP activity* – CETP concentration 0.67 <0.0001 0.67 <0.0001 

CETP activity* – HDL cholesterol 0.17 0.16 0.05 0.66 

CETP concentration – HDL cholesterol 0.14 0.17 0.11 0.30 

Specific CETP activity* – HDL cholesterol -0.17 0.16 -0.17 0.16 

r: Pearson correlation coefficient, P1: level of significance; β: standardized coefficient derived from linear 

regression analysis adjusting for age, sex, smoking, body mass index and statin/fibrate use when these 

parameters significantly contributed to the model, P2: level of significance. 

*Assessed in 71 of 95 subjects (males: 33/44; females: 38/51) without selection bias. 

 

 

Identification of a novel splice site mutation in the CETP gene in one family 

Our second objective was to screen for genetic CETP deficiency in our cohort. To this purpose, we 

selected 13 subjects with CETP concentration <1.4 μg/mL (which is the lower limit of the normal 

range for CETP concentration of our ELISA). CETP gene sequence analysis was performed when 

low CETP concentration in these subjects co-segregated with the HALP phenotype in at least one 

family member (this was the case in 12 (8 men, 4 women) of the 13 individuals with low CETP 

concentration). This analysis revealed a number of CETP gene variations that were either 

previously described polymorphisms (28, 29), or were not expected to affect CETP gene 

transcription, based on their positions in non-regulatory promoter or intronic sequences. We did 

not further analyze these variations, but focused on one woman who turned out to be 

heterozygous for a novel splice site mutation. It concerned a G→T nucleotide substitution at 

nucleotide +1 of intron 7 (CETP-IVS7+1). This sequence variation was not present in the remaining 

94 probands with high HDL cholesterol or in 200 normolipidemic unrelated control subjects. 

We recruited 190 family members of this CETP-IVS7+1 proband and screened for this defect 

by PCR (see materials and methods section for details). This led to the identification of 24 

additional heterozygotes, but no homozygotes were found. The penetrance of the CETP-IVS7+1 
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mutation with respect to CETP concentration and HDL cholesterol levels was very high: 23 out of 

25 carriers (92%) had CETP concentration below 1.4 μg/mL (range 0.58-1.18 μg/mL) and 16 out of 

25 subjects (68%) had HDL cholesterol above the 90th percentile adjusted for age and sex. 

 

Molecular pathology of the CETP-IVS7+1 mutation 

The CETP-IVS7+1 mutation disrupts the consensus splice donor site sequence of intron 7 (GT→TT). 

To delineate the molecular consequences of this mutation, we analyzed CETP mRNA isolated from 

peripheral white blood cells of an affected individual and a control subject. Using RT-PCR, control 

mRNA produced a single 212 base pairs fragment, indicating proper mRNA processing (see figure 

1A). However, an additional aberrant PCR product of approximately 150 base pairs was identified 

when using mRNA of the CETP-IVS7+1 carrier. DNA sequence analysis of this PCR product showed 

that the sequence of exon 6 was directly followed by exon 8, indicating that the mutation caused 

skipping of exon 7 (61 base pairs) (figure 1B). Due to the resulting frameshift, translation of the 

aberrant mRNA is predicted to result in a truncated CETP protein of 196 amino acids (figure 1C). 

Using quantitative PCR, we assessed the concentration of the 2 CETP mRNA variants in adipose 

tissue of the affected individual. The estimated amount of mutant mRNA was 24.7 (arbitrary units), 

compared to a total of 93.3 (arbitrary units) wild type mRNA (both compared to GAPDH expression 

levels). These results indicate that 20% of the pool of CETP mRNAs consisted of the alternatively 

spliced mRNA product.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 1. Molecular characterization of the CETP-IVS7+1 defect. (A) RT-PCR on RNA of a CETP-IVS7+1 carrier 

and control subject. Plasmid CETP cDNA was used as control. Primers were located in exon 6 and exon 8. 

Control mRNA produces a 212 base pairs fragment indicating proper processing; an additional fragment is 

present in mRNA of the IVS7+1 carrier. (B) Partial DNA sequence of the mutant RT-PCR product (151 base pairs) 

of the IVS7+1 carrier showing skipping of exon 7. (C) Hypothetical effects of the frameshift caused by exon 

skipping on translation of the mutant CETP mRNA. In brackets total length of wild type and mutant CETP 

protein in amino acids (wt= wild type; mut= mutant). 
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The ELISA used to determine plasma CETP concentration did not allow for the detection of the 

hypothesized truncated CETP protein, because it lacks the epitopes for the TP1 and TP2 antibodies 

that were employed. To address whether this truncated product was synthesized and present in 

plasma of CETP-IVS7+1 carriers, another ELISA using a monoclonal antibody ScFv 1CL8 directed 

against amino acids 68-87 and 110-129 of CETP was used (30). Data obtained with this antibody 

were not different from those obtained in the first assay, suggesting that there is no detectable 

truncated CETP protein present in fasted plasma of the carriers of this mutation. These data thus 

suggest that the CETP-IVS7+1 heterozygotes only have wild-type CETP protein in their circulation. 

 

Heterozygosity for CETP-IVS7+1: effects on CETP and HDL cholesterol 

To carefully study the effects of the mutation in this family, the 25 heterozygotes for the CETP-

IVS7+1 mutation were matched to 25 family controls of similar age, sex and body mass index 

(selected from 190 family members that were recruited). These 25 family controls presented with a 

lipid profile that was similar to that of a cohort of 2,381 healthy normolipidemic subjects from our 

database (data not shown). This finding provided the basis for use of the 25 family members as a 

control group in this analysis described below. The rationale for using these family controls is that 

lifestyle and genetic background affecting lipid parameters can be assumed similar in the family 

controls compared to those in family members carrying the CETP mutation. Three heterozygotes 

used statin therapy for proven cardiovascular disease; none of the control subjects received lipid-

lowering medication. Illustrating the penetrance of this mutation, the heterozygotes presented 

with an on average 40% decrease of plasma CETP concentration (0.94 ± 0.28 μg/mL vs. 1.58 ± 0.31 

μg/mL; P<0.0001; table 3) and a concomitant mean 50% reduction in plasma CETP activity (40.1 ± 

12.4% vs. 81.1 ± 20.4%, P<0.0001; table 3) compared to family controls. Affected males (n=13) and 

females (n=12) showed nearly identical reductions of CETP activity and CETP concentration levels 

(40.0% ± 6.6 vs. 40.3% ± 18.9 and 0.96 ± 0.30 μg/mL vs. 0.93 ± 0.26 μg/mL, respectively). Compared 

to family controls, HDL cholesterol levels were strongly increased in the heterozygotes (2.06 ± 0.65 

mmol/L vs. 1.52 ± 0.39 mmol/L; P<0.0001; table 3). Thus, contrasting with our finding in the entire 

HALP cohort that CETP was not associated with HDL cholesterol levels, these data show that a 

profound loss of CETP activity as a result of partial CETP deficiency can underlie HALP. 

 

Lipid metabolism in CETP-IVS7+1heterozygotes, family controls and 94 individuals with HALP 

This section compares the 25 heterozygotes for CETP-IVS7+1 with individuals with HALP in which 

no CETP deficiency (n=94) was identified. Although we sequenced the CETP gene only in 

individuals with low CETP concentration, we here assumed the absence of CETP gene defects in 

the remaining subjects with CETP concentration and CETP activity levels in the normal range. We 

used backward stepwise linear regression analysis, in which we adjusted for age, sex, body mass 

index, smoking and statin use when necessary. Exclusion of the individual receiving fibrate 

therapy did not affect outcome. In the group with HALP (n=94), HDL cholesterol levels were  
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TABLE 3.  Demographic and clinical characteristics, plasma CETP concentration and activity, lipids and 

apolipoproteins in unrelated subjects with HALP,  heterozygotes for  a novel CETP splice site mutation (IVS7+1) and 

family controls.   

 
Family  controls 

n=25 

CETP-IVS7+1 HE 

n=25 

HALP 

n=94 

P1 

 

P2 

 

P3 

 

Sex, % male 54.2 52 46.8 - - - 

Age, years 40 ± 22 39 ± 22 57.4 ±13.8 - - - 

Smoking, % 19.0 20.0 19.1 - - - 

Body mass index, kg/m2 24.3 ± 5.1 23.4 ± 4.9 24.0 ± 2.7 - - - 

CETP concentration, μg/mL 1.58 ± 0.31 0.94 ± 0.28 1.90 ± 0.58 <0.0001 0.01 <0.0001 

CETP activity, % 81.1 ± 20.4 40.1 ± 12.4 99.9 ± 24.3 <0.0001 0.005 <0.0001 

HDL cholesterol, mmol/L 1.52 ± 0.39 2.06 ± 0.65 2.35 ± 0.43 <0.0001 <0.0001 0.04 

Apolipoprotein A-I, g/L 1.63 ± 0.31 1.87 ± 0.42 1.98 ± 0.27 0.007 <0.0001 0.11 

LpAI, g/L 0.51 ± 0.13 0.57 ± 0.20 0.75 ± 0.18 0.23 <0.0001 0.001 

LpAI:AII, g/L 1.11 ± 0.20 1.30 ± 0.25 1.24 ± 0.18 0.003 0.02 0.18 

Apolipoprotein E, g/dL 3.76 ± 0.97 4.12 ± 1.47 4.31 ± 1.88 0.36 0.16 0.67 

Triglycerides, mmol/L 1.23 ± 0.65 1.37 ± 0.98 0.83 ± 0.39 0.20 0.01 <0.0001 

LDL cholesterol, mmol/L 3.03 ± 1.07 2.80 ± 1.02 3.58 ± 0.99 0.27 0.13 0.03 

Apolipoprotein B, g/L 1.16 ± 0.36 1.08 ± 0.40 1.12 ± 0.26 0.77 0.26 0.37 

Total cholesterol, mmol/L 5.07 ± 1.34 5.47 ± 1.18 6.31 ± 1.01 0.13 0.001 0.14 

Values are given as means ± standard deviation; P1: CETP-IVS7+1 HE vs. family controls; P2: HALP vs. family 

controls; P3: HALP vs. CETP-IVS7+1 HE. Correction was performed for differences in age, sex, smoking, body 

mass index and statin use when these parameters significantly contributed to the model. Exclusion of the 

individual receiving fibrate therapy did not affect outcome. Abbreviations: HALP, hyperalphalipoproteinemia; 

HE, heterozygotes. 

 

significantly higher compared to the CETP-IVS7+1 heterozygotes (2.35 ± 0.43 mmol/L vs. 2.06 ± 

0.65 mmol/L; P=0.04). Compared to controls, the increase of HDL cholesterol levels in the n=94 

group was reflected by increases of both LpAI and LpAI:AII levels. However, the increase in LpAI 

was larger (+0.24 g/L) compared to LpAI:AII (+0.13 g/L). By contrast, heterozygosity for the CETP-

IVS7+1 mutation had little and no significant effect on LpAI levels (0.57 ± 0.20 g/L vs. 0.51 ± 0.13 

g/L in controls; P=0.23) but had a more profound and statistically significant effect on LpAI:AII 

levels (1.30 ± 0.25 g/L vs. 1.11 ± 0.20 g/L in controls; P=0.003). Although apolipoprotein E 

concentration appeared higher in the n=94 and the CETP-IVS+1 groups, this did not reach 

statistical significance. 

The n=94 group further exhibited 40% lower triglyceride levels compared to the CETP-IVS7+1 

heterozygotes (0.83 ± 0.39 mmol/L vs. 1.37 ± 0.98 mmol/L; P<0.0001) and higher LDL cholesterol 

levels (3.58 ± 0.99 mmol/L vs. 2.80 ± 1.02 mmol/L; P=0.03). By contrast, apolipoprotein B levels 

were not different between the groups, indicative of larger LDL particles in the n=94 group. When 

comparing the CETP-IVS7+1 heterozygotes with controls, a slight reduction in LDL cholesterol in 

the heterozygotes did not reach statistical significance, accompanied by the absence of 

differences in apolipoprotein B concentration. 

Taken together, the CETP-IVS7+1 heterozygotes displayed an isolated high HDL cholesterol 

phenotype which clearly differed from the n=94 group that exhibited a distinct high HDL 

cholesterol and low triglyceride phenotype. 
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Other parameters 

In the family with partial CETP deficiency, several additional analyses have been carried out which 

are summarized in table 4. The CETP-IVS7+1 mutation did not affect plasma LCAT activity (88 ± 

12% vs. 75 ± 20%; P=0.15) and PLTP activity (113 ± 26% vs. 125 ± 26%; P=0.21). Furthermore, NMR 

lipoprotein profiling in all 25 CETP-IVS7+1 heterozygotes and 20 family controls revealed 

increased HDL size in the heterozygotes (9.6 ± 0.6 nm vs. 9.2 ± 0.5 nm in controls; P=0.008). The 

observed increase of HDL cholesterol levels could be mainly accounted for by the accumulation of 

cholesterol in the large HDL particles. The apparent absence of an effect of CETP-IVS7+1 on plasma 

triglyceride levels in heterozygotes as compared to controls (P=0.20; table 3) was reflected by 

similar triglyceride concentrations in large, intermediate and small sized VLDL (25.0 ± 27.6 mg/dL 

vs. 35.0 ± 48.6 mg/dL, P=0.20; 46.0 ± 31.7 mg/dL vs. 47.8 ± 25.5 mg/dL, P=0.81 and 8.5 ± 9.4 mg/dL 

vs. 10.2 ± 6.8 mg/dL, P=0.70, respectively). A trend towards increased LDL size was observed in the 

CETP-IVS7+1 heterozygotes as compared with the controls (P=0.09); levels of small as well as large 

LDL particles were not affected (P=0.20 and 0.55, respectively). 

 

TABLE 4.  Lipoprotein modifying enzymes and NMR lipoprotein profiling in heterozygotes for a novel CETP splice 

site mutation (IVS7+1) and family controls 

 
CETP-IVS7+1 HE 

n=25 

Family  controls 

n=25 

P 

 

LCAT activity, % 88 ± 12 75 ± 20 0.15 

PLTP activity, % 113 ± 26 125 ± 26 0.21 

HDL size, nm 9.6 ± 0.6 9.2 ± 0.5 0.008 

Large HDL, μmol/L 13.7 ± 6.3 9.0 ± 4.9 0.003 

Small HDL, μmol/L 20.6 ± 3.9 22.8 ± 2.8 0.04 

VLDL-Triglyceride content    

Large VLDL, mg/dL 25.0 ± 27.6 35.0 ± 48.6 0.20 

Intermediate VLDL, mg/dL 46.0 ± 31.7 47.8 ± 25.5 0.81 

Small VLDL, mg/dL 8.5 ± 9.4 10.2 ± 6.8 0.70 

LDL size, nm 21.4 ± 0.9 21.0 ± 0.8 0.09 

Large LDL, μmol/L 472.2 ± 133.4 429.8 ± 228.7 0.55 

Small LDL, μmol/L 611.0 ± 443.7 810.6 ± 439.6 0.20 

Values are given as means ± standard deviation; P: CETP-IVS7+1 HE vs. family controls, following correction for 

differences in age, sex, smoking, body mass index and statin use when these parameters significantly 

contributed to the model. None of the individuals received fibrate therapy. Abbreviations: HE, heterozygotes; 

LCAT, lecithin:cholesteryl acyltransferase; PLTP, phospholipid transfer protein 

 

 

DISCUSSION 
 

In contrast to studies on HALP in Japan, this study shows that plasma CETP activity and CETP 

concentration are not related to HDL cholesterol levels in 95 unrelated Caucasians with HALP. 

Screening for CETP mutations in this cohort led to the identification of a novel splice site defect 

(CETP-IVS7+1) in only one individual, indicating that CETP deficiency is rare among Caucasians of 

Dutch descent. Contrasting with the absence of a relation between CETP and HDL cholesterol in 
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the entire cohort, this CETP defect – causing a marked loss of CETP mass and activity – is 

associated with isolated high HDL cholesterol in the family of this proband. This report describes 

for the first time in detail the effect of a CETP splice site mutation on lipid metabolism in 

Caucasians. 

 

CETP and hyperalphalipoproteinemia 

Our data clearly indicate that high HDL cholesterol levels in Caucasian men and women with HALP 

are unlikely to result from differences in plasma CETP activity or CETP concentration. We in fact 

noted a complete absence of correlations between HDL cholesterol and CETP activity, CETP 

concentration or CETP specific activities in this study. These findings agree with those from other 

studies in Caucasians without HALP (31, 32). Furthermore, population-based studies determining 

the contribution of common CETP gene variants, known to be associated with decreased plasma 

CETP concentration, demonstrated that these polymorphisms explain only a small proportion of 

the observed variations of HDL cholesterol in Caucasians (1, 32). However, these findings contrast 

with reports describing that CETP explains a large portion of HALP in Japan (17). Taken together, 

the current data lend support to the notion that CETP is not a major determinant of elevated HDL 

cholesterol levels in the general Caucasian population, not even in a setting of extremely high 

levels of HDL cholesterol. 

 

CETP deficiency in Caucasians 

This study indicates that genetic CETP deficiency is rare amongst subjects with HALP in The 

Netherlands. Only one out of 95 HALP families was identified with partial genetic CETP deficiency. 

The respective novel defect is shown to cause skipping of exon 7 and predicted to result in a 

premature truncation of the CETP protein, a product that could not be detected in plasma of the 

carriers using a dedicated ELISA. 

The identification of this large family with partial CETP deficiency enabled to analyze the 

effects of this disorder on lipid metabolism in Caucasians and compare the effects to Japanese 

subjects suffering from heterozygosity for another CETP splice site defect (Int14+1 G→A (15)). 

Compared to their family controls, heterozygotes for CETP-IVS7+1 or Int14+1 G A present with a 

50% and 40% reduction of CETP activity, respectively, and a consequential increase of HDL 

cholesterol (35% and 75%, respectively) (5). We have no explanation for a stronger effect on HDL 

cholesterol in the Japanese subjects, but this might relate to differences in lifestyle and genetic 

background. As seen in our CETP-IVS7+1 heterozygotes, the Japanese counterparts did not differ 

from their controls with respect to LDL cholesterol, apolipoprotein B and triglyceride levels, further 

underlining an isolated high HDL cholesterol phenotype in partial CETP deficiency. Interestingly, 

these findings differ from those identified after inhibition of CETP activity when using torcetrapib, 

a pharmaceutical CETP inhibitor. Here, a less pronounced reduction of CETP activity (-38%) 

significantly dropped baseline levels of LDL cholesterol and triglycerides by -17 and -18%, 

respectively in individuals with low HDL cholesterol who already received atorvastatin (12). In 
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addition, the effects of torcetrapib on lipoprotein sizes were stronger as compared to those 

observed in heterozygotes for CETP-IVS7+1 with a 50% loss of CETP activity. Also, less pronounced 

inhibition of CETP with JTT-705 in mildly dyslipidemic individuals (up to -37%) showed significant 

decrease of LDL cholesterol levels (13). Apparently, the effects of life-long endogenous loss of 

CETP due to CETP gene mutations cannot be directly compared to loss of CETP activity induced by 

inhibitory compounds.  

 

Partial CETP deficiency versus HALP without CETP deficiency 

Comparing the heterozygotes for CETP-IVS7+1 with the remaining group of 94 individuals with 

HALP revealed some interesting differences. In contrast to the CETP-IVS7+1 heterozygotes, the 

former group exhibited a marked 40% lower mean triglyceride level, for which we have no direct 

explanation. HDL subfraction analysis by means of rocket gel electrophoresis furthermore 

indicated that the CETP-IVS7+1 mutation favors the occurrence of HDL particles that contain both 

apolipoprotein A-I and A-II (LpAI:AII). There exists very little information in the current literature on 

this topic. In one other study on partial CETP deficiency it was shown that LpAI and LpAI:AII levels 

were not different between heterozygous CETP deficient subjects and controls (33), but here only 

5 affected individuals were studied. Regarding LpAI and LpAI:AII fractions and risk of 

cardiovascular disease, data from epidemiological studies are inconsistent, reporting reductions of 

LpAI only (34, 35) as well as reductions of LpAI and LpAI:AII (36-38) in coronary heart disease 

patients. Asztalos showed that neither LpAI nor LpAI:AII were significantly associated with 

coronary heart disease prevalence in The Framingham Offspring Study and the placebo group of 

the VA-HIT trial (39). Taken the power of the latter studies (n=1,019 and 741, respectively), it can 

thus be assumed that the different concentrations in the respective HDL subfractions in the 

present study are unlikely to have an effect on atherosclerosis. 

We also performed NMR lipoprotein subfraction analysis in the family members with partial 

CETP deficiency. Unfortunately, there exist no NMR data on HDL characteristics in genetic CETP 

deficiency in the literature. However, in line with studies using HPLC (18) or gel electrophoresis 

(19) techniques in CETP deficient subjects, as well as observations following pharmacological CETP 

inhibition (12), we observed increases of mean HDL size and increased levels of large HDL 

particles. Besides, we also identified a trend (P=0.09) towards increased LDL size in the CETP-

IVS7+1 heterozygotes as also observed in individuals treated with CETP inhibitors (12). Data on 

LDL size derived from genetically CETP deficient Japanese are limited to only a few studies with 

very small sample size (n=2 (20, 40)), again using other techniques than NMR. Given this paucity of 

data, as well as the observation of a trend towards statistical significance in our study, the effects 

of genetic CETP deficiency on LDL related NMR parameters needs further investigation. 

 

Regarding the clinical consequences of all these findings, it is likely that the observed differences 

in lipid profiles of the CETP-IVS7+1 heterozygotes may also translate into differences in risk of 

cardiovascular disease. In the present study, this is hard to assess, given the small number of 
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heterozygotes as well as their low average age (39 ± 22 years). To nevertheless investigate this, we 

measured carotid intima media thickness (IMT) in 67 of 94 HALP individuals, in 19 heterozygotes 

for the CETP-IVS7+1 mutation and in 43 family controls (the latter group was expanded for this 

imaging study). The data show no statistically significant differences amongst the 3 groups, but 

the limited number of individuals does not allow for firm conclusions. 

 

Conclusions 

This study shows that – overall – CETP does not play a major role in defining 

hyperalphalipoproteinemia in Caucasians of Dutch descent. However, heterozygosity for a novel 

CETP splice site mutation, identified in one family, was associated with isolated high HDL 

cholesterol as the main lipid phenotype. 
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ABSTRACT 

 

Background – Cholesteryl ester transfer protein (CETP) is generally considered to be pro-

atherogenic. In this study, we evaluated relations between the common CETP –629C A promoter 

polymorphism, CETP plasma concentration and risk of coronary artery disease (CAD). 

Methods and Results – We conducted a case-control study nested in the prospective European 

Prospective Investigation into Cancer and Nutrition (EPIC)-Norfolk study which comprises 25,663 

apparently healthy men and women aged 45 to 79 years. Cases (n=734) were individuals who 

developed fatal or nonfatal CAD during 7 year follow-up. Controls (n=1,144) were matched for 

age, sex and enrolment time. Odds ratios were calculated to assess associations between CETP 

gene variation, CETP plasma concentration, and the risk of future CAD. First of all, the odds ratios 

for CAD between the genetic subgroups were not different although we did find the expected 

stepwise increase in high-density lipoprotein (HDL) cholesterol with the number of A alleles. In 

contrast, CETP concentration was positively associated with CAD (odds ratio 1.59; 95% CI 1.22-2.06 

in the highest CETP concentration quartile compared to the lowest quartile) in patients with high 

CETP levels. However, high levels of CETP were seen in those subjects with high levels of low-

density lipoprotein (LDL) cholesterol, triglycerides, apolipoprotein B, C-reactive protein, 

myeloperoxidase and increased blood pressure. Adjusting for above covariates attenuated the 

association between CETP concentration and CAD (odds ratio 1.34; 95% CI 0.88-2.05 in the highest 

quartile compared to the lowest quartile). 

Conclusion – This study suggests the absence of cardiovascular benefit from a life-long exposure to 

a 13% higher plasma HDL cholesterol associated with genetically-determined lower CETP levels. 

As reported previously, however, CETP concentration did predict CAD risk, although this 

association appears confounded by the pro-atherogenic state of subjects with high CETP 

concentrations. These results underscore the need for a cautious follow-up of the effects of CETP 

inhibitors. 

 

 

Abbreviations – CAD, coronary artery disease; CETP, cholesteryl ester transfer protein; CETP –

629C A, C to A polymorphism in the promoter of the CETP gene; EPIC, European Prospective 

Investigation into Cancer and Nutrition; HDL, high-density lipoprotein; LDL, low-density 

lipoprotein; NMR, nuclear magnetic resonance  

 

 

 

 

 

 



CETP -629C A polymorphism and CAD risk 

115 

INTRODUCTION 

 

Cholesteryl ester transfer protein (CETP) transfers cholesteryl esters from high-density lipoprotein 

(HDL) particles to apolipoprotein B-containing particles in exchange for triglycerides (1), ultimately 

resulting in an increased cholesterol content of pro-atherogenic lipoproteins with a concomitant 

decrease in HDL cholesterol (2). Based on these adverse changes in lipid profile, CETP has been 

proposed to exert a pro-atherogenic effect. In practice, data have emerged to show that CETP is in 

fact a multi-faced enzyme in the process of atherogenesis (3). With the final jury on the relation 

between CETP and atherosclerosis still out, selective and potent CETP inhibitors were shown to 

achieve a potent increase in HDL cholesterol up to 130% (4, 5), with a concomitant decrease in 

low-density lipoprotein (LDL) cholesterol (5). In spite of these clearly anti-atherogenic changes, 

surrogate marker studies using the CETP inhibitor torcetrapib failed to show any benefit on the 

atherosclerotic process. Moreover, cardiovascular event rate even increased in spite of significant 

increases in HDL cholesterol levels in the ILLUMINATE study (6). Whereas part of these adverse 

effects following torcetrapib have been attributed to off-target activation of the renin-angiotensin 

system (6), the bar has obviously been raised significantly for other CETP inhibitors.  

Polymorphisms at the CETP gene locus provide an interesting tool to further study the 

relation between CETP and cardiovascular risk. Several studies have demonstrated significant clear 

relations between CETP polymorphisms, plasma CETP activity and HDL cholesterol levels (7-9). 

Particularly, the common –629C A promoter polymorphism has been associated with decreased 

CETP gene expression (10), CETP activity and mass (11) resulting in increased HDL cholesterol 

levels. In view of the strong inverse relationship between HDL cholesterol and coronary artery 

disease (CAD) risk (12, 13), this polymorphisms can be expected to be associated with a reduced 

CAD risk, directly proportional to HDL cholesterol increase. Whereas a decreased CAD risk has 

been reported in carriers with the CETP –629C A polymorphism (14, 15), the majority of studies 

failed to show any relation between this particular polymorphism and CAD risk (16-19). In fact, 

Borggreve (20) even reported an increased CAD risk in those carrying the A allele. Markedly, there 

are no studies that directly compare the relation of CETP gene polymorphisms, CETP levels, HDL 

cholesterol and the risk for future CAD. 

Using a large case-control study nested in the European Prospective Investigation into Cancer 

and Nutrition (EPIC)-Norfolk prospective population study, we studied relations between the 

common CETP –629C A promoter polymorphism, CETP concentration in plasma, lipid 

parameters and CAD risk. 

 

 

METHODS 

 

We performed a nested case-control study among participants of the EPIC-Norfolk  study, a 

prospective population study of 25,663 men and women aged between 45 and 79 years, resident 
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in Norfolk, United Kingdom, who completed a baseline questionnaire survey and attended a clinic 

visit. Participants were recruited from age-sex registers of general practices in Norfolk as part of 

the ten-country collaborative EPIC study designed to investigate dietary and other determinants 

of cancer. Additional data were obtained in EPIC-Norfolk to enable the assessment of 

determinants of other diseases. 

The design and methods of the study have been described in detail (21). In short, eligible 

participants were recruited by mail. At the baseline survey between 1993 and 1997, participants 

completed a detailed health and lifestyle questionnaire. Non-fasting blood samples were obtained 

by vein puncture into plain and citrate bottles. Blood samples were processed for assay at the 

Department of Clinical Biochemistry, University of Cambridge, or stored at –80˚C. All individuals 

have been flagged for death certification at the United Kingdom Office of National Statistics, with 

vital status ascertained for the entire cohort. In addition, participants admitted to hospital were 

identified using their unique National Health Service number by data linkage with the East Norfolk 

Health Authority (ENCORE) database, which identifies all hospital contacts throughout England 

and Wales for Norfolk residents. CAD was defined as codes 410-414 according to the International 

Classification of Diseases 9th revision. Participants were identified as having CAD during follow-up 

if they had a hospital admission and/or died with CAD as underlying cause. Previous validation 

studies in our cohort indicate high specificity of such case ascertainment (22). We report results 

with follow-up up to January 2003, an average of about 6 years. The study was approved by the 

Norwich District Health Authority Ethics Committee and all participants gave signed informed 

consent. 

 

Participants 

We excluded all individuals who reported a history of heart attack/stroke or use of lipid lowering 

drugs at the baseline clinic visit. Cases were individuals who developed fatal or non-fatal CAD 

during follow-up until November 2003. Controls were study participants who remained free of any 

cardiovascular disease during follow-up. We matched two controls to each case by age (within 5 

years), sex and time of enrolment (within 3 months). We have previously described a similarly 

designed nested case-control study (23). The current study has considerable overlap with this 

previous report, but differences exist for two reasons. First, extension of follow-up resulted in the 

identification of more CAD cases allowing the present study to be larger. Second, due to 

insufficient availability of plasma, characterization of the lipid profile could initially not be 

performed in all participants. The current analysis was performed on all participants who had a 

complete dataset available for baseline characteristics, apolipoproteins A-I and B, lipoprotein NMR 

spectroscopy, and LDL gradient gel electrophoresis.   

 

Biochemical analyses 

Serum levels of total cholesterol, HDL cholesterol and triglycerides were measured on fresh 

samples with the RA 1000 (Bayer Diagnostics, Basingstoke, United Kingdom). LDL cholesterol 
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levels were calculated with the Friedewald formula. Non-HDL cholesterol was calculated as total 

cholesterol minus HDL cholesterol. Plasma concentrations of C-reactive protein were measured 

with a sandwich-type Enzyme Linked Immuno Sorbent Assay (ELISA) as previously described (24). 

Serum levels of apolipoprotein A-I and B were measured by rate immunonephelometry (Behring 

Nephelometer BNII, Marburg, Germany) with calibration traceable to the International Federation 

of Clinical Chemistry primary standards (25). Measurements for myeloperoxidase (26) has been 

detailed previously.  Paraoxonase-1 activity was measured as previously described (27). Levels of 

MCP1 were measured by a multiple cytokine assay system (Bio-Plex; Bio-Rad laboratories, 

Hercules, CA) according to the manufacturer’s protocol. Lipoprotein subclass particle 

concentrations and average size of LDL and HDL particles were measured by proton nuclear 

magnetic resonance (NMR) spectroscopy (LipoScience, Inc., North Carolina) as previously 

described (28). Samples were analyzed in random order. Researchers and laboratory personnel 

were blinded to identifiable information, and could identify samples by number only. 

 

Statistical analysis 

The association between CETP genotypes, CETP concentration, lipid levels and various risk factors 

was tested by analysis of variance across genotypes. Data are expressed as mean ± standard 

deviation or median (interquartile range). Between-group of differences of means were compared 

with ANOVA; medians were tested by K-independent samples test. χ2 analysis was used to 

compare frequencies between groups. Similar analyses were performed across CETP tertiles. Odds 

ratios and corresponding 95% confidence intervals (95% CI) were calculated to assess the strength 

of association between CETP plasma concentration and the risk of future CAD, using conditional 

logistic regression analysis, taking into account matching for sex, age and enrolment time. Odds 

ratios were calculated per CETP quartile, based on the distribution among controls. The first 

quartile was used as reference group. P-values represent significance for linearity across the 

quintiles. Regression analyses were also performed with additional adjustment for smoking, body 

mass index and levels of triglycerides and HDL cholesterol. Likewise the effects of the association 

of the -629A allele (-629CA subjects and -629AA homozygotes) with future CAD risk was evaluated 

using the -629CC homozygotes as reference group. Statistical analyses were performed using SPSS 

software (version 12.0.1, Chicago, Illinois). A P-value <0.05 was considered to indicate statistical 

significance. 

 

Role of funding sources 

EPIC-Norfolk is supported by programme grants from the Medical Research Council United 

Kingdom and Cancer Research United Kingdom and with additional support from the European 

Union, Stroke Association, British Heart Foundation, Department of Health, Food Standards 

Agency and the Wellcome Trust. Part of the lipid and apolipoprotein measurements described in 

this article were funded by an educational grant from the Future Forum. The funding sources had 

no role in study design, conduct, analysis and decision to submit the manuscript for publication. 



Chapter 9 

118 

RESULTS 

 

Patients 

A full dataset was available for 792 cases and 1,302 controls; 505 cases were matched to two 

controls and 287 cases were matched to one control only. Baseline differences between cases and 

controls have been published previously (22, 29, 30). The promoter polymorphism was distributed 

in Hardy-Weinberg equilibrium (P=0.42) and the -629A allele frequency was 49%.  

 

CETP –629C A promoter polymorphism, CETP concentration and lipid profile 

Table 1 shows baseline characteristics of the study population according to the CETP –629C A 

genotype. No difference was observed in gender distribution, systolic and diastolic blood 

pressure, alcohol use and prevalence of diabetes between the 3 genotypes. CETP concentration 

was highest in the -629CC homozygotes, intermediate in the -629A carriers and lowest in the -

629AA homozygotes (P<0.001). In parallel, we observed a stepwise increase in HDL cholesterol 

and apolipoprotein A-I levels with the number of A alleles. No statistical differences were observed 

in LDL cholesterol, triglycerides, and apolipoprotein B levels between the -629CC homozygotes, 

the -629A carriers and -629AA homozygotes. Inflammatory and/or anti-oxidative parameters, 

including C-reactive protein, paraoxonase concentrations and myeloperoxidase were not different 

between the three genotypes. 

 

TABLE 1.  Clinical characteristics and plasma levels of CETP, HDL cholesterol, lipids and apolipoproteins according 

to the CETP –629C A promoter polymorphism 

 CC CA AA P 

N (%) 564 (26.7) 1,021(49.2) 509 (24.1) <0.001 

Male gender, n (% of genotype) 365 (63) 657 (65) 322 (63) 0.8 

Body mass index, kg/m2 26.92 ± 3.67 26.51 ± 3.42 26.57 ± 3.96 0.10 

Systolic blood pressure, mmHg 141.8 ± 18.3 140.7 ± 18.8 140.0 ± 18.6 0.19 

Diastolic blood pressure, mmHg 85.4 ± 11.3 84.5 ± 11.7 83.7 ± 11.0 0.08 

Smokers, n (%) 84 (10.1) 179 (11.6) 77 (10.1) 0.4 

Alcohol, units/week 3.0 (1.0-10.0) 3.0 (1.0-9.5) 3.0 (1.0-9.0) 0.5 

Diabetes, n (%) 28 (3.3) 52 (3.3) 29 (3.8) 0.9 

Total cholesterol, mmol/L 6.32 ± 1.20 6.33 ± 1.20 6.46 ± 1.20 0.06 

HDL cholesterol, mmol/L 1.22 ± 0.36 1.31 ± 0.39 1.41 ± 0.41 <0.001 

LDL cholesterol, mmol/L 4.15 ± 1.00 4.12 ± 1.03  4.17 ± 1.02 0.5 

Triglycerides, mmol/L 1.70 (1.20) 1.70 (1.20) 1.70 (1.00) 0.3 

Apolipoprotein A-I, mg/dL 154.1 ± 28.0 160.1 ± 29.5 164.0 ± 30.3 <0.001 

Apolipoprotein B, mg/dL 132.6 ± 29.0 131.8 ± 31.4 131.6 ± 31.2 0.8 

CETP concentration, ug/mL 3.51 ± 1.95 3.27 ± 1.81 2.96 ± 1.43 <0.001 

C-reactive protein, mg/dL 1.8 (3.0) 1.8 (3.0) 1.5 (3.0) 0.6 

Myeloperoxidase, pmol/L 765 ± 613 742 ± 604 779 ± 626 0.5 

LCAT 8.9 ± 2.1 9.0 ± 2.3 9.0 ± 2.1 0.8 

Paraoxonase activity, U/L 60.7 ± 46 62.6 ± 46 62.8 ± 48 0.7 

Values represent n (%), median (triglycerides, C-reactive protein) or mean ± standard deviation. CETP, 

cholesteryl ester transfer protein; LCAT, lecithin:cholesteryl acyltransferase 
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The baseline characteristics of the same patients according to plasma CETP concentrations 

are listed in table 2. As CETP concentrations were significantly higher in women, gender-specific 

limits were used to divide patients into tertiles of plasma CETP concentrations. Patients with high 

plasma CETP levels had significantly higher total cholesterol, LDL cholesterol and triglycerides 

compared to those with lower CETP levels. Patients with high CETP levels had also higher systolic 

and diastolic blood pressure. Whereas HDL cholesterol levels were inversely correlated to CETP 

tertiles, apolipoprotein A-I levels were comparable between the CETP tertiles. In contrast, 

apolipoprotein B levels increased with increasing CETP tertiles. Markedly, patients with high CETP 

levels were characterized by higher C-reactive protein levels, higher myeloperoxidase levels and 

lower paraoxonase levels. 

 

TABLE 2.  Clinical characteristics, HDL cholesterol, lipids and apolipoproteins according to tertiles of CETP 

concentration in apparently healthy men and women 

 Tertile 1 Tertile 2 Tertile 3 P 

CETP in men, ug/mL 0-2.4 2.4-3.3 >3.3 - 

CETP in women, ug/mL 0-2.7 2.7-3.9 >3.9 - 

Male gender, n (%) 401 (64) 403 (64) 401 (64) 0.9 

Body mass index, kg/m2 26.4 ± 3.7 26.6 ± 3.6 26.9 ± 3.6 0.05 

Systolic blood pressure, mmHg 138.2 ± 18.5 140.5 ± 18.5 143.7 ± 18.3 <0.001 

Diastolic blood pressure, mmHg 83.3 ± 11.8 84.2 ± 11.0 86.0 ± 11.7 <0.001 

Smokers, n (%) 87 (13.9) 71 (11.3) 65 (10.4) 0.14 

Alcohol, units/week 4.0 (0.7-3.4) 3.0 (1.0-10.0) 2.5 (1.0-8.0) 0.03 

Diabetes, n (%) 22 (3.5) 20 (3.2) 24 (3.0) 0.82 

Total cholesterol, mmol/L 6.09 ± 1.10 6.30 ± 1.10 6.60 ± 1.20 <0.001 

HDL cholesterol, mmol/L 1.36 ± 0.41 1.31 ± 0.37 1.26 ± 0.37 <0.001 

LDL cholesterol, mmol/L 3.90 ± 0.99 4.10 ± 0.99  4.40 ± 1.00 <0.001 

Triglycerides, mmol/L 1.60 (1.10) 1.70 (1.20) 1.80 (1.20) 0.003 

Apolipoprotein A-I, mg/dL 158.3 ± 30.0 160.1 ± 29.0 158.0 ± 29.3 0.19 

Apolipoprotein B, mg/dL 123.5 ± 29.4 131.5 ± 29.0 139.5 ± 31.5 <0.001 

C-reactive protein, mg/dL 1.5 (2.7) 1.6 (2.7) 2.2 (3.6) <0.001 

Myeloperoxidase, pmol/L 681 ± 512 782 ± 650 800 ± 641 0.001 

LCAT 8.3 ± 1.9 8.9 ± 2.1 9.7 ± 2.4 <0.001 

Paraoxonase activity, U/L 64.1 ± 47 61.8 ± 46 62.0 ± 47 0.6 

Values represent n (%), median (triglycerides, C-reactive protein) or mean ± standard deviation. CETP, 

cholesteryl ester transfer protein; LCAT, lecithin:cholesteryl acyltransferase 

 

 

Lipoprotein particle number and size 

To better understand how genetic variation in CETP influences lipoprotein levels, we measured 

lipoprotein subclass profiles by using NMR spectroscopy (28) (table 3). Table 3A presents these 

parameters according to the –629C A genotype. We observed that the association of higher HDL 

cholesterol levels and the number of A-alleles was largely based on an increased number of 

particles in the large HDL fraction. No changes were observed for the small and intermediate-sized 

HDL subfractions. These data are consistent with an increase in HDL size in carriers of the A-allele. 

In addition to the genotype associations seen with the HDL subfractions, we observed a significant 



Chapter 9 

120 

association between this polymorphism and LDL subfractions. The A-allele was associated with 

increased levels of the large LDL subfraction, whereas CC carriers had increased levels of the small 

LDL subfraction. Again, these data were corroborated by increased LDL size in A-allele as 

compared to C-allele carriers. 

The lipoprotein subclasses according to tertiles of plasma CETP concentrations are listed in 

table 3B. The association of lower HDL cholesterol levels with increasing CETP tertiles was in full 

compliance to the findings reported for the CETP polymorphism: increased CETP is accompanied 

by a decreased number of large HDL particles as well as decreased HDL size. At the same time, 

increased CETP was associated with increased number of particles in the small LDL subfraction, as 

well as a decrease in LDL size. 

 

TABLE 3A.  NMR determined lipoprotein subclasses according to the CETP –629C A genotype 

 CC CA AA P† 

LDL particles, nmol/L 1691 ± 482 1642 ± 453 1605 ± 426 0.02 

IDL, nmol/L 55 ± 45 49 ± 43 46 ± 47 0.02 

Large LDL, nmol/L 541 ± 214 568 ± 206 601 ± 207 <0.001 

Small LDL, nmol/L 1095 ± 530 1026 ± 482 958 ± 452 <0.001 

HDL particles, umol/L 33.2 ± 5.7 34.1 ± 5.7 34.3 ± 5.7 <0.001 

Large HDL, umol/L 5.1 ± 3.4 5.8 ± 3.5 6.5 ± 3.8 <0.001 

Medium HDL, umol/L 3.3 ± 3.0 3.5 ± 3.2 3.2 ± 3.0 0.1 

Small HDL, umol/L 24.7 ± 4.9 24.8 ± 4.9 24.6 ± 5.2 0.2 

LDL size, nm 20.9 ± 0.6 21.0 ± 0.6 21.1 ± 0.6 <0.001 

HDL size, nm 8.8 ± 0.5 8.9 ± 0.5 9.0 ± 0.5 <0.001 

Values are presented as means ± standard deviation. †P for linear trend 

 

TABLE 3B.  NMR determined lipoprotein subclasses according to tertiles of CETP concentration 

 Tertile 1 Tertile 2 Tertile 3 P† 

LDL particles, nmol/L 1481 ± 377 1636 ± 415 1776 ± 444 <0.001 

IDL, nmol/L 38 ± 39 48 ± 42 58 ± 49 <0.001 

Large LDL, nmol/L 570 ± 280 574 ± 207 583 ± 212 0.5 

Small LDL, nmol/L 873 ± 409 1013 ± 443 1134 ± 480 < 0.001 

HDL particles, umol/L 33.5 ± 5.4 33.7 ± 5.5 33.4 ± 5.6 0.5 

Large HDL, umol/L 6.1 ± 3.7 5.8 ± 3.5 5.4 ± 3.5 0.001 

Medium HDL, umol/L 3.5 ± 3.0 3.3 ± 3.2 3.1 ± 3,0 0.07 

Small HDL, umol/L 23.9 ± 4.8 24.6 ± 4.8 24.9 ± 4.7 0.001 

LDL size, nm 21.1 ± 0.6 21.0 ± 0.6 20.9 ± 0.6 < 0.001 

HDL size, nm 8.9 ± 0.5 8.9 ± 0.5 8.8 ± 0.5 0.004 

Values are presented as means ± standard deviation. †P for linear trend 

 

CETP -629C A polymorphism, CETP concentration and risk of future CAD 

Table 4 shows the odds ratios according to the CETP –629C A genotypes. Model 1 shows the 

unadjusted odds ratios. Compared to the -629CC homozygotes, the odds ratio for the -629A 

heterozygotes was 1.13 (95% CI 0.94-1.36) and 1.08 (95% CI 0.88-1.33) for the -629AA 

homozygotes (P= 0.5, P for trend). Additional adjustment for HDL cholesterol (model 2) and HDL 

cholesterol, body mass index, smoking and triglycerides (model 3) did not alter this result. Table 5 
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TABLE 4.  Odds ratios and 95% confidence intervals for CAD according to the CETP –629C A genotype  

 CC CA AA P† 

Model 1 1.00 1.13 1.08 0.5 

  (0.94-1.36) (0.88-1.33)  

Model 2 1.00 1.28 1.19 0.13 

  (1.05-1.56) (0.94-1.50)  

Model 3 1.00 1.25 1.17 0.19 

  (1.02-1.54) (0.92-1.49)  

Model 1: unadjusted; Model 2: adjusted for HDL cholesterol; Model 3: adjusted for HDL cholesterol, smoking, 

body mass index and triglycerides. †P for linear trend 

 

TABLE 5.   Odds ratios and 95% confidence intervals for CAD according to CETP quartiles 

  1 2 3 4 P† 

Model 1 1.00 0.81 0.90 1.59 < 0.001 

  (0.63-1.04) (0.69-1.16) (1.22-2.06)  

Model 2 1.00 0.80 0.93 1.55 < 0.001 

  (0.61-1.06) (0.70-1.23) (1.15-2.08)  

Model 3 1.00 0.71 0.84 1.34 0.04 

  (0.48-1.03) (0.56-1.23) (0.88-2.05)  

Model 1: unadjusted; Model 2: adjusted for body mass index, smoking, HDL cholesterol and triglycerides; 

Model 3: adjusted for body mass index, smoking, diabetes mellitus, blood pressure, HDL cholesterol, LDL 

cholesterol, triglycerides, LCAT, C-reactive protein, myeloperoxidase concentration and paraoxonase activity. 
†P for linear trend  

 

shows the odds ratios for future CAD associated with increasing quartiles of CETP concentration. 

Comparing the highest to the lowest quartile, the odds ratio for CETP concentration was 1.59 (95% 

CI 1.22-2.06). This association persisted after adjustment for body mass index, smoking, HDL 

cholesterol and triglycerides (model 2). Additional adjustment for diabetes mellitus, blood 

pressure, LDL cholesterol, LCAT, C-reactive protein, myeloperoxiase and paraoxonase attenuated 

the association between CETP concentration and CAD (odds ratio 1.34; 95% CI 0.88-2.05, in the 

highest quartile compared to the lowest quartile). 

 

 

 

DISCUSSION 

 

In this large prospective study, we observed an inverse relation between CETP concentration and 

HDL cholesterol concentration, as well as a positive relation between CETP concentration and the 

risk of future CAD. In contrast, the CETP –629C A genotype, characterized by a 15% decrease in 

CETP mass as well as a 13% increase in HDL cholesterol, was not associated with decreased CAD 

risk. The apparent discrepancy between low CETP concentrations and low CETP due to the CETP –

629C A variant implies partial confounding of the CETP versus CAD relationship by non-lipid 

factors such as inflammatory activity. 
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CETP –629C A polymorphism, CETP concentration and lipid profile 

Increased CETP activity can be expected to result in increased VLDL/LDL cholesterol with 

concomitant decreased HDL cholesterol levels, combined with a decrease in both HDL as well as 

LDL size (3). CETP –629C A carriers, characterized by decreased CETP concentration and activity, 

fully comply with these predicted changes, showing an increase in HDL cholesterol as well as an 

increase in HDL size. In addition to this effect, the CETP –629C A carriers were associated with a 

less atherogenic LDL particle size distribution, consisting of a decreased concentration of the small 

LDL subfraction and increased levels of large LDL. These beneficial changes in both lipoprotein 

particle number and size in both LDL and HDL fraction are in line with those reported in Taq1B2 

carriers (31), as well as those observed following pharmacological inhibition of CETP (4). 

Accordingly, the changes in lipid profile observed in subjects with biochemically assessed low 

CETP closely resemble those observed in subjects with lower CETP concentration caused by the 

CETP –629C A mutation. However, it should be taken into account that the actual contribution of 

this mutation to the CETP concentration is modest, since a wide array of non-hereditable factors 

may influence CETP concentration in humans (32). In fact, high levels of CETP were seen in those 

subjects with high levels of LDL cholesterol, triglycerides, apolipoprotein B and increased blood 

pressure. In this respect, it is also interesting to note that CETP concentration was related to 

inflammatory activation, illustrated by a positive relation between CETP concentration, C-reactive 

protein and myeloperoxidase, as well as by an inverse relation between CETP concentration and 

paraoxonase activity. In contrast, the CETP –629C A polymorphism was not related to these 

inflammatory parameters. This apparent discrepancy between CETP concentrations in general 

versus CETP-concentration caused by a specific CETP polymorphism implies that an increased 

CETP concentration may in part be a consequence, rather than a cause of a pro-atherogenic state.  

 

CETP concentration versus CETP –629C A polymorphism and CAD risk 

The relationship of plasma CETP and CAD risk has been assessed in relatively few studies, but they 

are not consistent. In this extension study we confirmed our previous finding of increased CAD risk 

with higher CETP levels (22). Our results are in agreement with previous studies showing 

association of higher CETP levels with faster progression of angiographic CAD (33), faster 

progression of intima-media thickness (34) and greater risk of incident CAD in young patients with 

acute myocardial infarction (35). However, we were unable to show a relation between the –

629C A promoter polymorphism and CAD risk, in spite of a 13% increase of HDL cholesterol 

levels. There are two ways to explain this finding. First, genetically-determined decreases in CETP 

activity are not associated with a lower CAD risk. In this scenario, the positive relationship between 

CETP concentration and CAD risk should be regarded as an epiphenomenon, based on 

confounding factors amongst which inflammatory status. This concept is supported by early 

genetic studies in the Omagari region of Japan, suggesting that complete CETP deficiency was in 

fact pro-atherogenic (36). Similarly, the CETP inhibitor torcetrapib was found to increase 

cardiovascular event rate, which could not be fully explained by the blood pressure increase 
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caused by torcetrapib (6). Mechanistically, a potential adverse effect following lower CETP activity 

can be attributed to a presumed role of CETP in augmenting the delivery of HDL-derived 

cholesteryl esters to the liver (37), as well as to its role in the formation of pre-ß-HDL particles 

involved in cellular cholesterol efflux (38). Alternatively, the absence of a relationship between the 

CETP –629C A polymorphism and CAD risk may relate to a type II error. Lack of statistical power 

in the present study is supported by a recent meta-analysis of the CETP-TaqIB polymorphism 

including 2,857 subjects with CAD. In that study, B2B2 homozygotes, characterized by decreased 

CETP activity with concomitant increase in HDL cholesterol, presented with a decreased CAD risk 

(23). Recent studies suggest that the levels of HDL cholesterol per se are not relevant for CAD (39). 

Subjects with CAD are suggested to have more dysfunctional HDL containing for example less 

apolipoprotein A-I. Markedly, CETP –629C A carriers presented with a modest 6% increase in 

apolipoprotein A-I as compared to a 13% increase in HDL cholesterol. Since apolipoprotein A-I is 

considered as the main moiety in protection against atherosclerosis (40, 41), the modest increase 

in plasma apolipoprotein A-I mediated by the CETP –629C A polymorphism may have 

contributed to the failure to detect a change in CAD risk.  

 

Limitations 

A number of issues have to be taken into account when interpreting the results of our study. First, 

measurements were performed in non-fasting blood samples which were obtained at a non-

uniform time of the day. Diurnal variation, variation over time, and differences in the time since 

the last meal could have affected our results. Second, CAD events were scored through death 

certification and hospital admission data, which may have resulted in under-ascertainment or 

misclassification. Previous validation studies in this cohort, however, indicate high specificity of 

such case ascertainment. In addition, any misclassification leads to underestimation of true 

associations and therefore does not negate our results. Finally, the study population was statin-

naive, which may limit the extrapolation of our results to patients using lipid lowering medication.  

 

Conclusion 

This study suggests the absence of  cardiovascular benefit from life-long exposure to a 13% higher 

plasma HDL cholesterol level mediated by genetically-determined lower CETP levels. In fact, CETP 

concentration appears to be an independent predictor of CAD risk, whereas the CETP –629C A 

variant is not. These results imply that part of the relationship between CETP concentration and 

CAD risk may in fact relate to confounding factors such as inflammatory status. The present 

finding adds to the controversy surrounding CETP as a potential target for therapeutic 

intervention and underscores the need for a careful follow-up of CETP inhibitors currently in 

clinical development. 
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ABSTRACT 

 

Raising high-density lipoprotein (HDL) cholesterol is a promising strategy in the struggle to 

prevent cardiovascular disease, and cholesteryl ester transfer protein (CETP) inhibitors have been 

developed to accomplish this. The first results are encouraging, and in rabbits, inhibition of CETP 

reduces atherosclerosis. Because human data regarding the reduction of atheroma burden require 

more time, the biochemical mechanisms underlying the putative atheroprotection of CETP 

inhibitors are currently dissected, and several pathways have emerged. First, CETP inhibition 

increases HDL cholesterol and reduces low-density lipoprotein (LDL) cholesterol levels consistent 

with CETP lipid transfer activity and its role in reverse cholesterol transport (RCT). This coincides 

with putative beneficial increases in both HDL and LDL size. However, many aspects regarding the 

impact of CETP inhibition on the RCT pathway remain elusive, in particular whether the first step 

concerning cholesterol efflux from peripheral tissues to HDL is influenced. Moreover, the 

relevance of scavenger receptor B-I and consequently the central role of HDL in human RCT is still 

unclear. Second, CETP inhibition was shown recently to increase antioxidant enzymes associated 

with HDL, in turn associated with decreased oxidation of LDL. Atheroprotection in man is currently 

anticipated based on the improvement of these biochemical parameters known to influence 

atherosclerosis, but final confirmation regarding the impact of CETP inhibition on cardiovascular 

outcome will have to come from trials evaluating clinical end points.  

 

 

Abbreviations – ABCA1, ATP-binding cassette transporter A1; ABCG1, ATP-binding cassette 

transporter G1; ABCG4, ATP-binding cassette transporter G4; CAD, coronary artery disease; CETP, 

cholesteryl ester transfer protein; HDL, high-density lipoprotein; LCAT, lecithin:cholesterol 

acyltransferase; LDL, low-density lipoprotein; RCT, reverse cholesterol transport  
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REVIEW 

 

Introduction 

Inhibition of cholesteryl ester transfer protein (CETP) holds promise as a novel approach to prevent 

coronary artery disease (CAD) because of its profound effect on high-density lipoprotein (HDL) 

cholesterol levels. The scope of this review is to discuss the impact of CETP inhibition beyond this 

primary effect. The physiological function of CETP in the circulation, that is transfer of neutral lipids 

(cholesteryl esters and triglycerides) between lipoproteins, and the causes and effects of natural 

variation in CETP activity, has been the subject of many reviews on CETP and CETP inhibition (1-6). 

Therefore, we have chosen to summarize the current understanding of lipoprotein remodelling by 

CETP (schematically presented in the figure). Importantly, in dyslipidemias characterized by 

increased concentrations of triglyceride-rich particles (mainly very low-density lipoprotein (VLDL) 

and VLDL remnants), the cholesteryl ester transfer from HDL shifts from LDL toward VLDL, 

particularly large VLDL1 (7, 8) (figure, panel 2). This is considered to be pro-atherogenic because 

cholesteryl ester-enriched VLDLs become substrates for hepatic lipase, resulting in the generation 

of deleterious small dense LDL (9). Recently, increased CETP activity was indeed associated with 

increased risk for CAD in subjects with elevated triglyceride levels (10). Taking this together, it 

could be hypothesized that in hypertriglyceridemic individuals, CETP inhibition may be anti-

atherogenic by reducing small dense LDL formation. Recent data on CETP inhibition in rabbits and 

humans show that pharmacological inhibition of CETP has similar effects on the lipid profile as 

naturally occurring CETP deficiency (11). Notably, next to the marked increases in HDL cholesterol 

and HDL size, the CETP inhibitor torcetrapib induced a significant increase in LDL size, caused by 

both an increase in large LDL particles and a decrease in small LDL particles, suggesting a less 

atherogenic lipid profile (12). Recently, similar effects were reported for JTT-705 (13). In this review, 

we focus on how changes in lipoprotein concentrations and lipoprotein neutral lipid content after 

CETP inhibition may influence cholesterol exchange processes between the periphery, the 

circulation, and the liver, thereby covering the reverse cholesterol transport (RCT) pathway. We 

furthermore discuss the effects of CETP inhibition on fecal sterol excretion. Finally, we briefly touch 

on the effects of CETP inhibition on the anti-inflammatory and anti-oxidative properties of HDL. 

 

CETP inhibition and RCT 

RCT is generally invoked to provide the rationale for the anti-atherogenic properties of HDL. It 

concerns the removal of excess cholesterol from peripheral tissues for elimination by the liver and 

secretion into bile (figure) (14). Many of its players have been identified, and their particular 

functions are confirmed by in vitro and animal studies (15). Panel 1 of the figure illustrates the 

most direct route for removal of cholesterol in humans: the ATP-binding cassette transporter A1 

(ABCA1) shuttles cholesterol from peripheral cells to lipid-poor apolipoprotein A-I. Next, 

lecithin:cholesterol acyltransferase (LCAT) esterifies free cholesterol, and the resulting cholesteryl 

esters induce maturation of HDL particles. These HDLs can deliver cholesterol to the liver via the 
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scavenger receptor B-I as shown in mice (16). In humans and rabbits, the presence of CETP in the 

circulation creates a major diversion from this route. In exchange for triglycerides, CETP facilitates 

transfer of cholesteryl esters from HDL to apolipoprotein B-containing particles, which can also be 

taken up via the LDL receptor. Ultimately, excess liver cholesterol can be excreted as neutral 

sterols and bile acids into bile for removal via the feces. Although this model is widely accepted, it 

is of note that there exists very little experimental evidence that HDL is indeed central to this 

dynamic process in humans. Nevertheless, RCT provides an excellent tool to discuss the effects of 

CETP inhibition on HDL metabolism, and we review the role of CETP in each step of this pathway. 

 

Cholesterol efflux from peripheral tissues to HDL 

One of the atheroprotective properties of HDL is its ability to act as an acceptor of cholesterol from 

peripheral cells, or specifically macrophage foam cells in the arterial wall. This initial step in RCT 

depends mainly on the presence of cholesterol transporters in the cell membrane and the 

presence and avidity of extracellular acceptor particles, mostly thought to be HDL (17). CETP has 

been suggested to affect this process by changing the cholesterol efflux capacity of donor cells 

and by modulating the uptake capacity as well as availability of initial acceptor particles (figure, 

panel 3). 

 

Cholesterol donor capacity of cells 

A role for CETP in the cellular cholesterol donor capacity was proposed after it was shown that 

CETP is expressed by monocyte-derived macrophages present in fatty streaks and atherosclerotic 

plaques of human origin (18, 19). Zhang et al also reported that blood-borne macrophages of a 

CETP-deficient subject were less efficient in cholesterol efflux compared with a control subject, 

and that COS-7 cells transiently overexpressing CETP showed an increased efflux capacity to 

medium, whereas influx capacity was unaltered (19). In contrast to this potentially anti-

atherogenic role for CETP in macrophages, suppression of CETP synthesis in a liver cell line 

(HepG2) enhanced cholesterol efflux to HDL, whereas this was unaltered in an adipose tissue cell 

line (SW872) (20, 21). Considering the crucial role of macrophage foam cells in atherogenesis, 

further research into the exact function of CETP produced by these cells is warranted. 

 

Cholesterol acceptor capacity of HDL particles 

By changing the neutral lipid composition and size of HDL, CETP may affect the avidity of these 

particles for cholesterol. In CETP-deficient individuals (2, 22, 23) and after CETP inhibition (12, 24-

27), average HDL size increases, and the cholesterol content of mainly large HDL2 particles is 

increased (12, 28). Indeed, it was reported that plasma from homozygotes for CETP null defects 

had a reduced acceptor capacity for cholesterol from lipid-laden macrophages (28, 29). These 

investigators concluded that the large cholesteryl ester-rich HDL particles in CETP deficiency are 

defective as cholesterol acceptors. These effects can be understood today when considering that 

ABCA1 only mediates cholesterol and phospholipid efflux to lipid-free or lipid-poor apolipoprotein 
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A-I (30, 31). In CETP deficiency, apolipoprotein A-I synthesis is furthermore unchanged (32), and 

recycling of HDL is thought to be compromised (33). Thus, acceptor capacity in the form of lipid-

poor apolipoprotein A-I may be attenuated. However, other molecules that transport lipids across 

the cell membrane of macrophages, such as scavenger receptor B-I, ABCG1 and ABCG4, were 

recently shown to also stimulate cholesterol efflux, but instead to larger HDL particles (HDL2) (31, 

34-37). This suggests that these transporters may accommodate cellular cholesterol efflux to the 

larger HDL particles as observed in CETP deficiency and after CETP inhibition. Indeed, with the 

present knowledge of ABCA1 and scavenger receptor B-I transporters, Miwa et al recently 

readdressed cholesterol efflux in CETP deficiency using both serum and HDL from 3 homozygotes 

and 3 heterozygotes for a CETP null mutation (the CETP Int14 mutation) (38). Their results suggest 

that the ABCA1 pathway functions normally and is preferred under reduced CETP activity as seen 

in heterozygotes, whereas the scavenger receptor B-I pathway is activated in complete absence of 

CETP. These data furthermore suggest that cholesteryl ester-rich HDL particles are still efficient 

cholesterol acceptors. In vitro studies on cholesterol efflux have shown that the most important 

property of acceptor particles is the phospholipid content (39). Also in plasma of 

hypertriglyceridemic subjects, it was observed that HDL-phospholipid and not low HDL 

cholesterol levels determined efflux from Fu5AH cells (40). In this respect, it is interesting that 

increases in total HDL-phospholipid content have been observed after CETP inhibition in both 

humans and rabbits, but how this relates to efflux acceptor capacity has not been addressed to 

date (25, 26, 41, 42). 

 

Availability of cholesterol acceptor particles 

It was postulated that the driving force of cellular cholesterol efflux is not the concentration of the 

initial acceptors (lipid-poor apolipoprotein A-I or HDL) but the presence of secondary acceptors 

(LDL and VLDL) and proteins and enzymes, such as LCAT, CETP, and lipases (phospholipid transfer 

protein, hepatic lipase, lipoprotein lipase), which redistribute cholesterol to secondary acceptors 

and recycle initial acceptors (39). This suggests that CETP enhances cellular cholesterol efflux rates, 

but evidence that relates CETP activity to efflux rates is spurious. In one in vitro study, it was 

indeed demonstrated that cholesterol efflux from red blood cells was highly correlated with LCAT 

and CETP activities in postprandial plasma as well as the concentration of secondary acceptors, 

such as chylomicrons, VLDL, and LDL, but not with the initial acceptor HDL (43). However, in other 

in vitro studies, no association between CETP activity in plasma and cholesterol efflux from Fu5AH 

cells was observed (44, 45). A cholesterol efflux enhancing role for CETP was also observed in 

human CETP transgenic mice but not in rabbits. Serum of human transgenic apolipoprotein A-

I/CETP mice showed an increased relative efflux efficiency per HDL particle compared with 

transgenic apolipoprotein A-I mice, as assayed by measuring efflux from both cholesterol-loaded 

Fu5AH cells and fibroblasts (46, 47). After CETP inhibition, HDL from JTT-705–treated rabbits was 

equally efficient in accepting cholesterol from acetylated LDL-loaded J774 macrophages 

compared with HDL from control rabbits (41). This is most likely related to the observed increase in 
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apolipoprotein A-I synthesis in rabbits after CETP inhibition (42). Interestingly, it has been shown 

that in patients with low HDL cholesterol, torcetrapib decreased the fractional catabolic rate of 

apolipoprotein A-I, whereas the synthetic rate was unaltered (26) This illustrates that the 

extrapolation of data from animals to man, even if these animals possess endogenous CETP, is 

challenging. Together, it is difficult to establish the role of CETP in the important initial step in the 

RCT pathway, which in vivo occurs within the confinement of the arterial wall. Here, we depend on 

artificial systems in which only 1 factor that contributes to cholesterol efflux can be assessed at 

once. For example, scavenger receptor B-I mediated efflux is usually addressed in the rat 

hepatoma cell line Fu5AH, whereas for ABCA1 expression, fibroblasts or cAMP-stimulated 

macrophages are generally used (15). There is accumulating evidence that both cholesterol efflux 

pathways work complementarily, and respond diversely to, for example, the phospholipid content 

of acceptor particles or metabolic changes (36, 48, 49). Moreover, because the relative 

contributions of ABCA1, scavenger receptor B-I (and human homologue CLA-1) (50, 51), ABCG1, 

and ABCG4 in macrophage efflux are not firmly established in human physiology (17), we wish to 

refrain from predicting to what extent CETP inhibition will affect the initial step in the RCT pathway. 

 

Uptake and storage of cholesterol in adipose tissue 

Adipose tissue is an important storage and sensing organ for cholesterol homeostasis, and the 

metabolic consequences of adiposity play a role in the progression of atherosclerosis (52, 53). 

Moreover, both adipocytes and adipose tissue-derived macrophages secrete inflammatory 

proteins that may contribute to the development of a systemic inflammatory state (54). Therefore, 

it is of interest to underline that in addition to the liver, adipose tissue is the second major site of 

CETP production (55). Maybe, the adipocyte may quickly regulate plasma CETP levels in response 

to physiological changes (56). Indeed, CETP gene expression in adipose tissue is significantly up-

regulated by dietary cholesterol as observed in hamster and human adipose tissue (21, 55). There 

are indications that CETP plays a role in the selective uptake of HDL cholesteryl esters in adipose 

tissue, which could accommodate removal of cholesterol from the circulation (57, 58). Vassiliou 

and McPherson showed in vitro that extracellular CETP (mimicking CETP in the circulation) 

accounts for 14% of cholesteryl ester-selective uptake in adipose tissue independent of the 

presence of apolipoprotein B receptors and scavenger receptor B-I. These authors propose that 

this so-called lateral cholesterol transport and storage may be anti-atherogenic, and that CETP 

inhibitors may influence this process. This was addressed recently in liver cells, as is discussed 

below (59). CETP may also play a role in intracellular cholesterol homeostasis; Izem and Morton 

showed that suppression of CETP synthesis in the adipose tissue cell line SW872 causes cholesteryl 

ester accumulation (21). CETP activity is moreover positively correlated with body mass index and 

waist-to-hip ratio, but it is unclear whether this is cause or consequence (60, 61). Interestingly, a 

significant weight gain was observed in rabbits receiving JTT-705 in combination with a severe 

hypercholesterolemic diet for 3 months compared with controls on the same diet (62). However, 

this was not observed in a previous study on a milder hypercholesterolemic diet (63). Given this 
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information, it could be inferred that inhibition of CETP gives rise to a reduction in lipid uptake in 

adipose tissue, but whether this will have an impact on cholesterol homeostasis, systemic 

inflammatory status, and atherosclerosis is unclear. Therefore, it would be of interest to study the 

effect of CETP inhibition on adipose tissue, inflammatory markers, and body weight changes. 

 

Uptake of cholesterol by the liver 

In mice, which lack CETP, ±70% of circulating cholesteryl esters is taken up directly from HDL by 

the liver (64), which is mediated by scavenger receptor B-I (65). Similar data have been obtained in 

the hamster, a low-CETP animal (66). As soon as higher CETP levels come into play, the delivery 

route of cholesteryl esters to the liver changes dramatically. In rabbits, 70% of cholesteryl esters 

are transferred from HDL to apolipoprotein B-containing particles and subsequently taken up in 

the liver by the LDL receptor and related receptors and only 30% via apolipoprotein A-I– 

containing particles (67). In humans, a recent kinetic analysis by Schwartz et al indicates that 

irreversible cholesteryl ester output from lipoproteins to the liver comes from apolipoprotein B-

containing particles and not from HDL (68). This would suggest that HDL-mediated cholesterol 

uptake in the liver does not play an important role in humans. This could mean that CETP 

inhibition will affect the normal uptake of cholesteryl esters in the human liver via the LDL 

pathway. Therefore, we discuss the effects of CETP on both HDL and LDL receptor–mediated 

pathways as illustrated in the figure, panel 4. 

 

Scavenger receptor B-I /CLA-1 

CLA-1, the human homologue of scavenger receptor B-I, is expressed mainly in adrenal tissues, 

liver, and reproductive organs and was shown to have receptor affinity for all lipoproteins, 

including native HDL, LDL, and VLDL, but also modified oxidized LDL (ox-LDL) and acetylated LDL 

(69, 70). However, data on the relationship between HDL remodelling by CETP and cholesterol 

uptake by scavenger receptor B-I are contradicting. Kinoshita et al observed that in scavenger 

receptor B-I overexpressing Chinese hamster ovary cells, the uptake of cholesteryl esters per HDL 

particle is increased from cholesteryl ester-rich HDL of CETP-deficient individuals compared with 

normal HDL (71). This suggests that scavenger receptor B-I may efficiently take up cholesterol from 

cholesteryl ester-enriched HDL after loss of CETP function. In contrast, CETP enhances cholesteryl 

ester uptake in the liver of mice overexpressing human LCAT or apolipoprotein A-I (72, 73), leading 

to less atherosclerosis in human transgenic LCAT/CETP mice (72). Moreover, the enhanced liver 

uptake was directly from HDL and not attributable to transfer to apolipoprotein B-containing 

particles (73). Because the role of CLA-1 in humans is not established, the implications of CETP 

inhibition for this cholesterol uptake route in the liver cannot be properly discussed. 

 

LDL receptor 

As already indicated, the main route for delivery of cholesteryl esters to the liver in humans is 

thought to be mediated by apolipoprotein B-containing lipoproteins. Remarkably, increased 
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apolipoprotein B catabolism has been observed in homozygous CETP deficient subjects compared 

with unaffected controls (74). This is consistent with upregulation of the LDL receptor in rabbits 

injected with antisense CETP oligonucleotides (75) and downregulation of the LDL receptor in 

mice that overexpress human CETP (76). It has been suggested that upregulation of the LDL 

receptor in homozygous CETP deficiency is a compensatory mechanism to counteract reduced 

affinity for the LDL receptor of the observed polydisperse apolipoprotein B-containing particles 

(77). Depending on the CETP inhibitor, marked (12, 25) or modest (24, 27) reductions in LDL 

cholesterol have been shown in humans. A similar effect was also observed when CETP inhibitors 

were used in combination with statins (12, 26, 27). Whether this is also attributable to upregulation 

of the LDL receptor remains to be determined. Alternatively, reduced LDL cholesterol levels after 

CETP inhibition can also be explained by decreased CETP-mediated transfer of cholesteryl esters 

from HDL to LDL. In this case, cholesteryl esters are not removed from the circulation via LDL, and 

the influx into the liver may in fact be reduced. In this respect, it is interesting to note that after 

CETP inhibitor treatment, LDL size increases, particularly by a decrease in small LDL, which may 

suggest that the remaining LDL particles are less atherogenic (12, 13). As an alternative pathway, 

the uptake of cholesteryl esters by the liver could also be mediated via apolipoprotein E-

containing HDL, because CETP inhibition is associated with increased apolipoprotein E levels (25, 

27, 78). It has been shown that apolipoprotein E-containing HDL particles can be taken up by 

members of the LDL receptor family (79-81), but also by scavenger receptor B-I (82, 83). 

Furthermore, Yamashita et al showed that apolipoprotein E-rich HDL from CETP-deficient 

individuals had a higher affinity for LDL receptors on fibroblasts than LDL itself (84). Although 

Clark et al did not confirm that the increase of apolipoprotein E levels can be accounted for by an 

apolipoprotein E-enrichment of HDL, it can be hypothesized that CETP inhibitors may lead to 

enhanced removal of cholesteryl esters via apolipoprotein E-containing HDL particles (25, 78). 

 

Receptor-independent selective uptake of HDL cholesterol 

In 1987, Granot et al reported that addition of CETP to liver cells (HepG2) in vitro enhanced 

selective uptake of HDL cholesterol (85). Later, this was attributed to the indirect effect of CETP-

mediated transfer of HDL cholesterol to other lipoproteins before uptake because this presumed 

that selective uptake of HDL cholesterol could be blocked by antibodies against the LDL receptor 

and other apolipoprotein B and E receptors (86). In contrast, Gauthier et al recently observed that 

exogenous CETP enhanced the uptake of HDL cholesterol in mouse hepatocytes of both LDL 

receptor-null mice and scavenger receptor B-I _/_ mice in vitro (59). Torcetrapib partially inhibited 

this selective uptake mediated by endogenous CETP in these experiments. In vivo, in adenoviral 

CETP-expressing mice, high doses of intravenously injected torcetrapib attenuated CETP-

mediated decrease in total cholesterol only partially. The authors suggest that the remaining 

decrease in total cholesterol was attributable to hepatic cholesterol clearance by cell-associated 

CETP, and that this anti-atherogenic function of CETP may not be inhibited by torcetrapib. 

Nevertheless, the overall importance in humans needs to be established because kinetic analysis 
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by Schwartz suggests that selective uptake of HDL cholesterol in man plays a minor role in total 

hepatic uptake of cholesteryl esters (68). In summary, CETP inhibition is likely to influence the 

hepatic uptake of cholesteryl esters from the circulation via apolipoprotein E-rich HDL, maybe in 

combination with upregulation of the LDL receptor. 

 

Secretion of cholesterol by the liver into the intestine 

The ultimate step in the removal of cholesterol from the body is the excretion of neutral sterols 

and bile acids in the feces, which can be upregulated in humans by the infusion of apolipoprotein 

A-I or reconstituted HDL (87, 88). These studies support the idea that HDL is central to the removal 

of (peripheral) cholesterol in humans, and it was hypothesized that increasing HDL cholesterol and 

apolipoprotein A-I levels by CETP inhibition may also increase fecal cholesterol excretion. However, 

Brousseau et al did not observe a difference in fecal sterol excretion, even after torcetrapib 

induced a 100-125% increase in HDL cholesterol in patients with low HDL cholesterol at baseline 

(26). Similarly, in rabbits, attenuation of CETP activity by red pepper was shown to slightly increase 

triglyceride excretion, but did not affect cholesterol excretion (89). In human transgenic CETP mice, 

it has also been observed that liver cholesterol levels and cholesterol synthesis are strongly 

affected by infusion of reconstituted HDL, but this had no effect on fecal excretion (90). A lack of 

change in fecal cholesterol secretion was also observed in ABCA1 knockout mice that have almost 

no HDL cholesterol in the circulation (91). Together, these data suggest that the earlier steps in the 

RCT pathway (ie, the enrichment of HDL with cholesteryl esters), and, consequently, the increase 

of HDL cholesterol, have little to do with the removal of cholesterol from the human body as a 

final step in RCT. On the other hand, it could be that fecal sterol excretion does not accurately 

reflect changes in hepatic cholesterol influx after CETP inhibition. This hypothesis is supported by 

the observation that rats metabolize cholesteryl esters taken up via HDL more efficiently into bile 

acids than cholesteryl esters from LDL (92, 93). Finally, it may be that torcetrapib did not induce 

fecal sterol excretion to the same extent as a large intravenous dose of apolipoprotein A-I, but 

there may have been a reduction in fecal sterol excretion, which was too small to detect. Although 

there is no evidence that CETP inhibition stimulates fecal cholesterol excretion, overexpression of 

human CETP in mice has been shown to enhance fecal cholesterol excretion (94). This effect could 

be related to the increased cholesteryl esters content of the liver of these mice, but these 

investigators also observed a small increase in the expression of ABCG5. Because this transporter is 

known to affect hepatic sterol excretion, this suggests that CETP can affect cholesterol output in 

this model, albeit not along the classical route of RCT (94). In summary, these CETP inhibition data 

support the view that HDL may not represent the major vehicle to deliver cholesteryl esters to the 

liver for subsequent elimination in bile in humans. There is no consensus regarding the 

significance of this final excretion step with respect to maintaining whole body flux in RCT, neither 

whether this final step in RCT is actually connected to and reflects what is assumed the most 

important step for the atherosclerosis process (ie, cholesterol efflux from macrophages) (95, 96). 
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This leaves the question whether CETP inhibition may affect atherogenesis by altering RCT as yet 

unanswered. 

 

CETP inhibition and anti-inflammatory and anti-oxidative properties of HDL 

It has been long recognized that apart from its role in RCT, HDL possesses properties that may 

reduce atherosclerosis by attenuating inflammation of the vascular wall and by preventing 

oxidation of LDL (97). For details, we refer to a recent review by Barter (98). It was recently shown 

that reconstituted HDL can effectively block neutrophil infiltration in the carotid artery of the 

rabbit (99), an early event of inflammation of the vessel wall (100). Other investigators reported 

apolipoprotein A-I to inhibit T-cell activation of macrophages, which, in turn, will reduce the 

production of inflammatory cytokines and chemokines (101). In addition, through prevention of 

LDL oxidation, a key event in atherogenesis, HDL has also been shown to inhibit the formation of 

foam cells (102, 103). Most of this effect is currently attributed to enzymes that are associated with 

HDL (figure, panel 5), but also, physicochemical properties of HDL subfractions have been 

implicated (104-106). First, apolipoprotein A-I was shown to prevent LDL oxidation (102, 103). 

Second, paraoxonase-1, exclusively present on HDL, protects LDL from oxidation but also 

enhances cholesterol efflux from macrophages and, as such, may play a dual role in the protection 

against atherosclerosis (107-109). Other HDL-associated enzymes that may reduce propagation of 

oxidation of LDL are platelet-activating factor acetylhydrolase (PAF-AH or lpPLA2) (110) and LCAT 

(106, 111). Because of the strong impact of CETP inhibition on HDL, it is plausible that CETP 

inhibition modifies the anti-inflammatory and anti-oxidative properties of HDL. Currently, there 

are no data on the effects of CETP inhibitors on changes in the anti-inflammatory properties of 

HDL. Anti-oxidative properties can be indirectly addressed by measuring resistance of LDL to 

oxidation or antibody levels against ox-LDL, which, however, does not give information on the 

underlying mechanism. In 78 postmenopausal women, CETP activity and oxidation of LDL were 

weakly correlated (61). In vitro, LDL incubated in plasma containing a CETP inhibiting antibody 

was more resistant to oxidation, indicating that CETP inhibition might reduce oxidative 

modification of lipoproteins (112). In contrast, it was also shown that CETP may be anti-

atherogenic because it prevented cholesterol loading of ox-LDL (113). Studies in mice have also 

provided equivocal data. Introduction of the human CETP gene in mice did not affect ox-LDL 

antibodies in the circulation (114). However, in ovariectomized mice, a lack of CETP resulted in 

higher ox-LDL antibody levels, suggesting that CETP is protective under these physiological 

conditions. Data on anti-oxidative enzymes in CETP deficiency or after CETP inhibition are scarce. 

Elevation of paraoxonase-1 activity was observed in 1, but not in a second homozygous CETP-

deficient individual (115). Moreover, when adjusted for HDL cholesterol or apolipoprotein A-I 

levels, lower specific paraoxonase-1 activity was observed in CETP-deficient individuals compared 

with controls. This could be connected to the observation that human apolipoprotein A-II can 

displace paraoxonase-1 from HDL particles taken the increased LpAI:AII fraction in CETP deficiency 

(28, 116, 117). Zhang et al recently showed that paraoxonase-1 and PAF-AH increased significantly 
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after treating rabbits with JTT-705 (78), but it should be noted that this was not observed by 

Huang et al in a previous report (62). Recently, Bisoendial et al have assessed paraoxonase-1 

activity and auto-antibodies against ox-LDL after CETP inhibition with JTT-705 in patients with very 

low HDL cholesterol (13). The data indicate that CETP inhibition improves the anti-oxidative status 

of these individuals, but the sample size is small, and further studies are warranted. 

 

Impact of CETP inhibition on atherogenesis and concluding remarks 

The purpose of CETP inhibition therapy is to protect against CAD by reducing atherosclerosis or 

stabilizing vulnerable plaques. Awaiting the first human data, studies with rabbits have provided a 

basis for optimism. Already in 1998, Sugano et al observed markedly reduced atherosclerosis in 

Japanese white rabbits on a high-cholesterol diet (0.3%) using an antisense strategy that inhibits 

CETP expression (75). Furthermore, 3 different vaccines known to induce antibodies against CETP 

have been shown to reduce atherosclerosis in New Zealand white rabbits on a cholesterol-rich diet 

(118-120). Pharmacological inhibition with JTT-705 prevented atherosclerosis progression in 

Japanese white rabbits on a 0.2% cholesterol diet (63). However, no significant effects were 

observed in a different study in such rabbits that received a similar dose of JTT-705, but were on a 

0.25% cholesterol diet (62). This may be explained by more severe diet-induced 

hypercholesterolemia in the latter rabbits, but the treatment period was also shorter. More 

recently, pharmacological inhibition of CETP with torcetrapib also prevented atherosclerosis in 

New Zealand white rabbits on a 0.2% cholesterol/10% coconut oil diet (121). It is a major challenge 

to determine what mechanisms are primarily responsible for the atheroprotective effect of CETP 

inhibition. Of course the marked increase in HDL cholesterol levels is put forward; but which 

functions of HDL are responsible for atheroprotection? Moreover, as illustrated in this review, CETP 

does not only affect HDL metabolism but also LDL metabolism. To protect the arterial wall against 

atherosclerosis, the following processes are thought important: (1) preventing inflammation, and 

internalization/modification of LDL to attenuate foam cell formation; (2) stimulating cholesterol 

efflux from lipid-laden macrophages; and (3) enhancing LDL uptake by the liver, thereby limiting 

LDL modification and plasma residence time of this atherogenic lipoprotein. The current literature 

provides evidence that CETP inhibition may affect each of these processes. At the same time, this 

review shows that many aspects regarding the functions of CETP in human metabolism and the 

importance of human RCT are still elusive. The first issue that remains to be resolved is the role of 

CETP in adipose tissue. Second, with respect to the classical concept of RCT, there is concern that 

CETP inhibition reduces the flux of cholesterol through RCT both by decreased recycling of HDL 

acceptor particles and by diminished hepatic cholesterol uptake via the LDL receptor. The 

unchanged fecal cholesterol excretion after CETP inhibition may be considered an indication of 

this. However, it can also indicate that HDL is not central to liver cholesterol uptake in man. 

Importantly, this does not rule out that HDL serves as an initial acceptor of cholesterol from lipid-

laden macrophages in the intima. There remains a strong need to determine what parameter can 

give us in vivo information on this crucial first step of RCT, rather than waiting for changes in 
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arterial wall morphology or atheroma burden. Furthermore, it is not clear what the relative 

contribution of RCT to human atheroprotection is, especially when compared with the anti-

inflammatory and anti-oxidation properties of HDL. Finally, this review has addressed the complex 

biology of CETP in RCT, but it remains to be seen whether this is relevant when it comes to 

atheroprotection. Despite all uncertainties, the impact of CETP inhibition on raising HDL 

cholesterol and decreasing both LDL cholesterol and small dense LDL illustrates its potential to 

reduce atherosclerosis in man. Moreover, CETP inhibition may protect against atherosclerosis by 

improving the anti-inflammatory and antioxidant actions of HDL, as demonstrated previously in 

rabbits and now for the first time in man. These data suggest that CETP inhibition goes beyond 

raising HDL cholesterol levels alone. 
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Figure. Simplified schematic representation of the effects of CETP inhibition on the RCT pathway and 

protection against inflammation and oxidation. The numbered flashes indicate impact areas of CETP inhibition, 

which are further detailed in the respective panels. Flashes with upward or downward arrows indicate up- and 

down-regulation, respectively. Black arrows indicate transfer of free cholesterol (FC), cholesteryl esters (CE) or 

trigylcerides (TG), open arrows indicate lipoprotein particle conversion. 1. RCT. ABCA1 shuttles FC and 

phospholipids (PL) across the cell membrane to lipid poor apolipoprotein A-I. LCAT esterifies FC into CE, which 

are internalized into the core of maturing HDL. CETP transfers CE from HDL to apolipoprotein B lipoproteins 

((V)LDL) in exchange for TG. CETP inhibition results in accumulation of CE-rich HDL and decreases LDL-CE. 

Normally, CE-rich LDL is taken up by the liver via the LDL-receptor, and TG in TG-rich HDL is hydrolyzed by 

hepatic lipase (HL), resulting in regeneration of lipid poor apolipoprotein A-I. 2. Under hypertriglyceridemic 

conditions, CETP preferentially transfers CE from HDL to TG-rich particles (TRL). This resullts in CE-rich VLDL, 

which are a substrate for HL resulting in the formation of small dense LDL (sdLDL) 3. Efflux of cholesterol from 

macrophages. ABCA1 shuttles FC and PL to lipid-poor apolipoprotein A-I particles. Scavenger receptor B1 (SR-

BI) (or human homologue CLA-1) can transfer FC to various sized HDL particles, ABCG1 and ABCG4 may 

specifically transfer cholesterol to larger HDL particles (HDL2). CETP inhibition increases the HDL2 fraction, and 

may also increase lipid poor apolipoprotein A-I. The total impact of CETP inhibition on cholesterol efflux is 

unclear. 4. Uptake of HDL-CE and LDL by the liver. LDL is taken up by the liver by the LDL-receptor (LDL-R). 

CETP inhibition decreases LDL cholesterol, but expression of the LDL-R may be upregulated by CETP inhibition. 

Specific uptake of CE from HDL by the liver is accommodated by SR-BI in mice, and perhaps by CLA-1 in 

humans. Apolipoprotein E containing HDL is increased after CETP inhibition. This may be taken up by the liver 

by CLA-1, the LDL-R or other receptors. 5. Anti-oxidative action of HDL. HDL protects LDL from oxidation into 

oxLDL. Several enzymes present on HDL have been shown to account for this such as apolipoprotein A-I, 

paraoxonase, PAF-AH, LCAT. CETP inhibition increases these proteins, except for the latter. Apolipoprotein A-II, 

which is also increased by CETP inhibition has been shown to displace paraoxonase from HDL. The ultimate 

effect of CETP inhibition on oxidation of LDL is not known. 
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SUMMARY AND CONCLUSIONS 

 

This thesis addresses several issues related to the interplay between lipoproteins and prevention 

of coronary artery disease (CAD). More precisely, it evaluates different means by which CAD risk 

management programs could be improved, with the ultimate goal to further increase accuracy of 

such programs. Part I focuses on currently available strategies of CAD risk assessment (chapters 2-

4) and treatment (chapters 5 and 6), evaluating the role of several novel lipoprotein parameters in 

these processes. In Part II (chapters 7-10) emphasis is on development of novel therapies, with a 

focus on pharmacological increase of plasma high-density lipoprotein (HDL) cholesterol levels 

through inhibition of the cholesteryl ester transfer protein (CETP). In this final chapter, we will 

briefly summarize the main findings of the studies included in this thesis, and also discuss the 

implications for current clinical practice and future research. 

 

Part I - Risk assessment 

Chapter 2 – The study described in chapter 2 was set out to determine whether measurements 

providing detailed information of the pro-atherogenic lipoprotein fraction, i.e. low-density 

lipoprotein (LDL) particle number and LDL particle size, add to the accuracy of CAD risk 

assessment in the general population. To this purpose, these parameters were measured in the 

European Prospective Investigation into Cancer and Nutrition (EPIC)-Norfolk case-control cohort, 

which was nested in a large prospective study to determine risk factors for several types of cancer. 

Strengths of the relationships with CAD were determined for these additional lipoprotein 

parameters, and compared with the relationships for standard lipoprotein measures. The data 

demonstrate a significant relationship between LDL particle number and risk of CAD, which was 

somewhat stronger as compared to the relationships for LDL cholesterol and LDL particle size. This 

additional predictive information carried by LDL particle number, however, disappeared when 

other standard lipid parameters, such as HDL cholesterol and triglycerides, were taken into 

account. These data lend further support to the concept that higher LDL particle number is 

indicative of increased CAD risk. However, due to its close relationship with other metabolic 

dysregulations, briefly summarized as the metabolic syndrome, this relationship is lost after 

correction for parameters related to such derangement.  

Implications for clinical practice – Based on the present analysis in a large cohort study, we 

conclude that routine-wise implementation of indices of LDL particle number and/or LDL particle 

size should not be recommended, at least for CAD risk assessment in the general population. 

Following correction for standard available lipoprotein parameters, these measures offer no 

additional value, whereas the economic impact of these tests is substantial. 

 

Chapter 3 – In order to explore the role of parameters representing the anti-atherogenic 

lipoprotein pathway, the next study was performed to analyze the relationships with CAD 

occurrence for HDL cholesterol, as well as for the main apolipoprotein of this lipid particle, 
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apolipoprotein A-I. In particular, this study was set out to assess whether the frequently 

documented inverse relationship with CAD for both parameters was still present at very high 

values, and whether the presence of very large HDL particles still offered cardioprotection. This 

study was performed using data from two large prospective studies, i.e. the previously described 

EPIC-Norfolk case-control study (see chapter 2) and the most recent clinical trial that compared 

CAD risk reducing potency of high-dose to usual-dose statin therapy (Incremental Decrease in End 

points through Aggressive Lipid lowering, IDEAL). As expected, a negative relationship with CAD 

occurrence was observed for HDL cholesterol as well as for apolipoprotein A-I at concentrations in 

the low to normal ranges. However, when patients with very high levels were specifically studied, 

increased risk estimates were observed in the IDEAL cohort for HDL cholesterol, which was 

statistically significant at levels >1.81 mmol/L. This J-shaped risk curve was also present for HDL 

particle size in the EPIC-Norfolk study, but not for apolipoprotein A-I in both study cohorts. These 

data suggest that HDL cholesterol is not the best parameter to quantify the atheroprotective 

effect of HDL. In fact, if plasma levels of HDL cholesterol become very high (usually accompanied 

by very big particle size), HDL may even turn into a risk factor rather than a protecting entity. In 

contrast, apolipoprotein A-I does not convert into a risk factor at very high levels.  

Implications for clinical practice – Together, these data support the notion that apolipoprotein A-I 

is more suitable as CAD risk indicator than HDL cholesterol. Consequently, the former parameter 

should be routinely used for quantification of HDL-related CAD risk. In addition, these findings 

may have direct consequences for development of novel therapies targeting the HDL particle, 

which will be further discussed below. 

 

Chapter 4 – Among all lipoprotein parameters available, the ratio of apolipoprotein B to A-I 

(apolipoprotein B/A-I) attracts most attention to date. Reason for the emphasis put on this 

parameter is its proposed superiority in representing both the pro-atherogenic and anti-

atherogenic characteristics of all lipoprotein subclasses relevant for atherosclerosis. In other 

words, apolipoprotein B/A-I is suggested to be the best index of the total atherogenic balance (see 

introduction of chapter 4 for more information related to this specific issue). In addition, 

measurements of both parameters are highly standardized and can reliably be measured under 

non-fasting conditions, which will add to practical simplicity of risk assessment procedures. 

Despite a large amount of studies summarizing its clear theoretical benefits, studies reporting 

head-to-head comparisons of apolipoprotein B/A-I to standard lipid measurements in terms of 

accuracy of risk assessment were not available. Therefore, we performed another study using the 

EPIC-Norfolk case-control cohort, in which we directly compared the accuracy of apolipoprotein 

B/A-I to standard lipid measurements to predict future CAD. This study is presented in chapter 4. 

The data show that apolipoprotein B/A-I is more closely related to the occurrence of future CAD as 

compared to the best lipid risk indicator, i.e. the ratio of total to HDL cholesterol (total/HDL 

cholesterol). However, evaluation of discriminating power using Receiver Operating 

Characteristics (ROC) analysis demonstrated equivalence for both parameters. Indeed, when risk 
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assessment was based on a prediction model including apolipoprotein B/A-I instead of total/HDL 

cholesterol, the net number of cases who were correctly reclassified (i.e. reclassified into higher 

risk groups) was modest (15 out of 834). These findings show equal accuracy of apolipoprotein 

B/A-I versus total/HDL cholesterol to separate patients who are at high CAD risk from those at 

lower risk, at least in this study cohort. More recently, another report was published on this issue 

(1). The investigators of this novel study performed a comparable set of analyses (including ROC 

analysis), but made use of a much larger study cohort comparing 12,461 patients who suffered 

from CAD to 14,637 matched controls (INTERHEART). In contrast to our findings summarized 

above, the use of apolipoprotein B/A-I in this study resulted in a statistically significant better ROC 

as compared to total/HDL cholesterol.  

Implications for clinical practice and future research – Altogether, these data suggest that 

apolipoprotein B/A-I adds to the accuracy of CAD risk assessment, but that the degree of 

improvement may be marginal since it only becomes statistically significant in case of a very high 

statistical power. Combined with the close standardisation of its measurement as well as the 

possibility to use non-fasting blood samples for a reliable quantification, we consider the present 

data to be in favour of routine clinical use of the apolipoprotein B/A-I index in CAD risk 

assessment. To further validate this final conclusion, it would be of interest to use the INTERHEART 

cohort for an additional analysis of reclassification, since the resulting reclassification index 

provides most practical insights into the consequences for risk assessment accuracy upon 

implementation of the apolipoprotein ratio. In addition, novel studies should provide similar 

evaluations of the role of apolipoprotein B/A-I in populations with a higher prevalence of obesity. 

Of note, obesity leads to insulin resistance, which often results in high plasma levels of 

apolipoprotein B in spite of relatively normal LDL cholesterol concentration. In conjunction with 

lower levels of HDL cholesterol and apolipoprotein A-I accompanying this metabolic 

derangement, one might expect a further rise of the clinical value associated with apolipoprotein 

B/A-I in such circumstances. As a final step in the process towards clinical implementation of 

apolipoprotein B/A-I, additional studies should generate novel risk calculators to offer practical 

tools for routine use of this promising lipoprotein parameter. 

 

Part I - Risk treatment 

Chapter 5 – After an extensive evaluation of CAD risk assessment in the previous chapters, focus 

was shifted towards treatment of increased risk through statin therapy. The main study objective 

was to find the best approach for monitoring adequacy of statin treatment. In currently available 

treatment guidelines, LDL cholesterol is recommended as the primary target of therapy. As such, 

current clinical practice of statin treatment aims to reach a pre-specified LDL cholesterol target 

value. However, following the discussion surrounding CAD risk assessment, other lipoprotein 

parameters are suggested as more appropriate targets, since they might better reflect residual 

CAD risk in patients receiving statin therapy. These alternative target parameters include 

apolipoprotein B, non-HDL cholesterol and the apolipoprotein B/A-I ratio. Non-HDL cholesterol is 
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calculated as total minus HDL cholesterol, and represents the amount of cholesterol present in all 

lipoproteins except HDL. In chapter 5, we performed a post-hoc analysis using data from the 

‘Treating to New Targets’ (TNT, n=10,001) (2) and IDEAL (n=8,888) (3) clinical trials to investigate 

which of these lipoprotein parameters was the best indicator of residual CAD risk, and hence the 

best parameter to reflect adequacy of statin therapy. The data clearly demonstrate non-HDL 

cholesterol and apolipoprotein B to be more closely related to cardiovascular outcome than LDL 

cholesterol. A direct comparison of these parameters revealed no significant difference. Among all 

study variables evaluated, the apolipoprotein B/A-I ratio was the best determinant of residual risk. 

These findings suggest that apolipoprotein B/A-I, next to its additive value in risk assessment (see 

chapter 4), might also be the best candidate to improve CAD prevention when used as target 

parameter for statin therapy. However, one important issue might prevent clinical implementation 

of the ratio as treatment target right now. This issue relates to the lower part of the ratio, 

apolipoprotein A-I. In fact, it is unknown whether a certain pharmacological increase of 

apolipoprotein A-I results in a reduction of CAD risk in all circumstances. Moreover, it remains to 

be investigated whether a certain reduction of the apolipoprotein B/A-I value through increasing 

the apolipoprotein A-I concentration is associated with risk reduction comparable to that obtained 

by a similar decrease of the apolipoprotein B concentration. These issues need to be addressed in 

future studies using data from clinical trials that assessed the clinical benefit of novel strategies 

targeting HDL. 

Implications for clinical practice and future research – Given these considerations, our data 

provide further impetus to routine use of either non-HDL cholesterol or apolipoprotein B as novel 

parameters to monitor statin therapy at the present time. Both parameters were equivalent in 

their ability to predict recurrent CAD, but the advantage of non-HDL cholesterol to be easily 

calculated from measurements that are already part of clinical practice might be in favour of the 

lipid parameter. Routine use of the apolipoprotein B/A-I ratio awaits further exploration of the 

relationship between pharmacologically raised plasma levels of apolipoprotein A-I and CAD risk. 

 

Chapter 6 – In order to offer practical tools for routine use of the aforementioned lipoprotein 

parameters as treatment targets, we subsequently assessed specific target values for each of them. 

In fact, such values available in literature originate from existing LDL cholesterol target values or 

were more indirectly derived. In chapter 6, we present data from a post-hoc analysis of the IDEAL 

clinical trial, in which we calculated values for apolipoprotein B, non-HDL cholesterol and 

apolipoprotein B/A-I below which no statistical significant relationship with cardiovascular 

outcome was present anymore. These values turned out to be 2.87 mmol/L for non-HDL 

cholesterol, 0.89 g/L for apolipoprotein B and 0.67 for apolipoprotein B/A-I. These specific 

numbers were than considered as reasonable estimates of target values. Although these findings 

may be considered a next step in the process of routine use in clinical practice, they do not 

provide the final answer as to whether these are the optimal target values. In fact, such values 

should preferably follow from randomized clinical trials, evaluating clinical benefit of one 
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treatment modality to another. Since these studies are unlikely to be initiated at the present time, 

comparable post-hoc analyses are required to further validate our findings. 

Implications for clinical practice and future research – Based on the present analysis, values of 2.87 

mmol/L for non-HDL cholesterol and 0.89 g/L for apolipoprotein B may be considered estimates of 

optimal target levels for statin therapy in high-risk individuals. However, additional data from 

large-scaled studies using similar analyses are required. The findings from different studies 

together may finally lead to definition of optimal target values by consensus. 

 

Part II - Novel Therapy 

Chapter 7 – This is the first chapter of the second part of this thesis. In view of the focus on HDL 

cholesterol increase through CETP-inhibition in this second part, chapter 7 provides a review of 

several aspects related to inherited disorders that give rise to changes of plasma HDL cholesterol. 

These include genetic defects of enzymes that are crucial in HDL metabolism: apolipoprotein A-I, 

ATP-binding cassette transporter A1 (ABCA1), lecithin:cholesteryl acyltransferase (LCAT) and CETP. 

This review also summarizes data on intima-media thickness (IMT) measurements in patients with 

these disorders. This technique is a non-invasive measure of atherosclerotic changes of the artery 

wall, and has been accepted as a surrogate marker for CAD risk (4). The data confirm that 

decreased levels of HDL cholesterol on a genetic basis always result in increased atherosclerosis 

progression, regardless of the specific underlying genetic cause. In contrast, the CETP-deficient 

individuals did not show decreased atherosclerosis progression, despite considerable increased 

plasma levels of HDL cholesterol.  

Implications for clinical practice and future research – Since pharmacological interventions 

preferably act by reducing enzyme-activity, these data are in favour of CETP-inhibition as novel 

HDL cholesterol increasing strategy. Given the absence of any effect on IMT in CETP deficient 

subjects, however, the consequences for atherosclerosis progression associated with this strategy 

should be carefully investigated. 

 

Chapter 8 – In an attempt to further elucidate the relation between CETP deficiency and 

lipoprotein alterations in a Western population, we set out to identify novel CETP deficient 

individuals in The Netherlands. In view of this, we measured CETP activity in Dutch subjects with 

hyperalphalipoproteinemia (HALP), which was defined as HDL cholesterol levels above the 90th 

percentile for age and sex. Subjects with low CETP activity were subsequently included in a 

program to identify potential underlying CETP gene defects. Chapter 8 summarizes the resulting 

data. Among 95 subjects with the HALP phenotype, one woman showed low CETP activity. 

Sequencing of the CETP gene demonstrated heterozygosity for a novel splice site mutation, and 

screening of family members led to the identification of 24 additional heterozygotes. As compared 

to matched family controls, the CETP deficient individuals had a 50% reduced CETP activity, giving 

rise to strongly increased levels of plasma HDL cholesterol (2.06 versus 1.52 mmol/L) and 

apolipoprotein A-I (1.87 versus 1.63 g/L). Comparing several parameters that reflect the pro-
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atherogenic lipoprotein fraction revealed no differences. Collectively, this first Caucasian family 

with inherited CETP deficiency displayed the expected changes of the anti-atherogenic lipoprotein 

fraction. In contrast to some reports from Japanese individuals with CETP deficiency, no significant 

differences in the pro-atherogenic fraction could be observed.  

Implications for clinical practice – These data demonstrate favourable lipoprotein changes 

following genetic CETP deficiency in a Western population, and further highlight the fact that 

pharmacological inhibition of CETP should be considered as a promising novel strategy to raise 

plasma HDL cholesterol, with the ultimate goal to further decrease CAD risk. 

 

Chapter 9 – Given the relatively low prevalence of genetic CETP deficiency in the general 

population, it is quite impossible to reliably assess its consequences for CAD risk. To nevertheless 

address this important issue, we studied the relationship between the CETP-629C A 

polymorphism and risk of CAD in the EPIC-Norfolk case-control cohort, results of which are 

presented in chapter 9. The -629C A genetic variant has previously been shown to result in 

decreased CETP activity and slightly increased plasma HDL cholesterol (5). Despite the fact that its 

marginal effects on CETP activity and HDL cholesterol may limit the results to be generalized to 

CETP deficiency due to pharmacological inhibition, the common prevalence of the -629C A 

polymorphism in the general population strengthens the usefulness of this approach. The data did 

not show the expected difference in CAD risk associated with the three genotypes. Although 

several study limitations were present to explain this unexpected outcome, the data might also 

suggest that a genetically determined low CETP activity with concomitant increased levels of 

plasma HDL cholesterol does not protect against atherosclerosis. 

 

Chapter 10 – Given the apparent controversy with respect to CETP and its effect on 

atherosclerosis, the final chapter of this thesis discusses the role of CETP other than increasing HDL 

cholesterol following low activity. This review demonstrates that CETP-inhibition might affect the 

process of atherosclerosis by many mechanisms and into different directions. Consequently, any 

conclusion with respect to its ultimate effect on CAD risk remains speculation without clinical trial 

data. One year after this review, data from the first clinical trials using pharmacological CETP-

inhibition through torcetrapib were published. In these studies, patients with familial 

hypercholesterolemia (6), mixed dyslipidemia (7) or previous CAD (8) were randomly assigned to 

receive placebo or torcetrapib, both on top of statin therapy. The effect on atherosclerosis 

progression was estimated by measurements of the carotid IMT or by coronary intravascular 

ultrasonography (IVUS). In all studies, a considerable increase of plasma HDL cholesterol as well as 

a significant decrease in LDL cholesterol induced by torcetrapib did not slow down the 

progression of atherosclerosis. In contrast, active treatment resulted in a small but significant 

increase of atherosclerosis progression in some patient groups. In the meantime, another large 

clinical trial including 15,000 patients with pre-existing CAD was prematurely terminated by the 

Data en Safety Monitoring Committee because of a statistically significant excess mortality rate in 
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the torcetrapib arm as compared to the placebo arm. A detailed analysis demonstrated excess 

congestive heart failure and revascularisation procedures in the active treatment arm. As a result 

of these outcomes, the concept of CETP-inhibition as novel approach to combat CAD has become 

a matter of intense debate. The major question at the present time is: what went wrong? First of 

all, torcetrapib proved to induce a significant rise of systolic blood pressure. A recent post-hoc 

analysis provides evidence for a direct causal role played by this change in mediating the adverse 

effect of torcetrapib (9). However, subgroup analysis in this study could not identify any 

relationship between HDL cholesterol increase and decreased atherosclerosis progression. This 

leaves room to a second hypothesis, i.e. to the concept that inhibition of CETP in itself is not anti-

atherogenic, and in some circumstances even pro-atherogenic. In fact, data from several studies 

described in this thesis are in support of this hypothesis to some degree. First of all, we did not 

observe any difference in carotid IMT measurements between genetic CETP deficient subjects and 

healthy controls (chapter 7). Although the sample size was quite small (n=18) and may have 

induced a type II error, this outcome might in retrospection represent reality. A similar conclusion 

applies to the data described in chapter 9, showing absence of any relation between a common 

CETP gene polymorphism and CAD risk. When it comes to a biological explanation for the concept 

of CETP-inhibition to be pro-atherogenic, the effect of very high levels of HDL cholesterol and a 

preponderance of very large HDL particles merits further discussion. Supported by our J-shaped 

risk curve for HDL cholesterol and HDL particle size with CAD risk as described in chapter 3, such 

lipoprotein changes may turn into a pro-atherogenic state at some point. Whether this is the result 

from defects in HDL-mediated reverse cholesterol transport, disrupted anti-inflammatory capacity 

or other mechanisms remains to be elucidated.  

Implications for clinical practice and future research – Taken together, clinical trial evidence with 

respect to CETP-inhibition has raised lots of questions rather than answers and solutions. These 

questions urgently need further research. In view of this, the development of novel CETP-

inhibitors, anacetrapib and dalcetrapib, holds great promise. In the available studies in humans, 

these compounds were highly efficacious in raising plasma HDL cholesterol, but more importantly, 

did not affect systolic blood pressure (10). If the absence of any effect on blood pressure can be 

confirmed by novel studies based on larger patient groups, the floor is open to a careful 

exploration of the effect on atherosclerosis progression mediated by these novel compounds. In 

the meantime, a second line of research needs further attention, focussing on the apolipoprotein 

A-I. As mentioned, this apolipoprotein is the main protein component present on HDL and is 

thought to be the direct mediator of several anti-atherogenic functions exerted by this 

lipoprotein. This concept, as well as cumulating evidence favouring the role of HDL functionality at 

the cost of its cholesterol content in atheroprotection, have led to several strategies directly 

targeting apolipoprotein A-I. Among these, administration of apolipoprotein A-I mimetic peptides 

has shown promising results in the first studies. The epidemiological data with respect to 

apolipoprotein A-I as described in chapter 3 add further support to this concept. These and other 

study results justify a further exploration of this novel approach in the fight against CAD. 
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SAMENVATTING EN CONCLUSIES 

 

Hart- en vaatziekten (HVZ) staan wereldwijd op nummer 1 van de lijst van meest voorkomende 

doodsoorzaken. Ondanks goede preventieve behandelingen, voorspellen wetenschappelijke 

gegevens dat dit in 2030 nog steeds het geval zal zijn. Om deze belangrijke doodsoorzaak tóch te 

kunnen bestrijden, is het van groot belang om aandacht te blijven schenken aan de huidige 

preventie richtlijnen. Dit proefschrift evalueert diverse methoden die zouden kunnen leiden tot 

verbetering van dergelijke richtlijnen. Het eerste deel richt zich op potentiële methoden ter 

verbetering van de huidige manier van HVZ risicoschatting (hoofdstukken 2-4) en behandeling 

(hoofdstukken 5 en 6). In het tweede deel (hoofdstukken 7-10) staat de ontwikkeling van nieuwe 

behandelingen centraal. Hierbij gaat het voornamelijk om medicamenteuze verhoging van het 

beschermende cholesterol gehalte (het HDL cholesterol) door middel van remming van een eiwit 

dat intensief betrokken is bij de verwerking van deze cholesterol fractie (cholesteryl ester transfer 

protein, CETP). In dit laatste hoofdstuk zullen de belangrijkste bevindingen van dit proefschrift 

worden samengevat. Ook zullen eventuele klinische implicaties alsmede noodzaak tot verder 

onderzoek worden besproken. 

 

Deel I – Risicoschatting 

Indien moet worden besloten óf behandeling ter preventie van HVZ is geïndiceerd, wordt eerst 

het individuele risico op toekomstige HVZ geschat. Bij een patiënt zonder HVZ of diabetes mellitus 

in de voorgeschiedenis is dit risico afhankelijk van het wel/niet aanwezig zijn van risicofactoren. 

Dergelijke risicofactoren zijn: geslacht, leeftijd, roken, concentratie van het slechte en goede 

cholesterol (respectievelijk LDL en HDL cholesterol), bloeddruk en het voorkomen van HVZ in de 

familie. Er zijn momenteel diverse rekenmodules beschikbaar waarmee een bepaalde combinatie 

van risicofactoren in een risicogetal kan worden omgezet. Een veel gebruikte methode is de 

‘Framingham Risk Score’ (FRS), welke is gebaseerd op een jarenlange studie onder de bevolking 

van het dorpje Framingham in de US. 

 

Hoofdstuk 2 – Allereerst is er aandacht voor de vraag of deze multifactoriële risicoschatting kan 

worden verbeterd door bepaling van het aantal LDL deeltjes en/of van de grootte van deze 

deeltjes, in plaats van meting van het LDL cholesterol gehalte. Deze onderzoeksvraag is gebaseerd 

op het gegeven dat een bepaald LDL cholesterol gehalte grofweg op 2 manieren in de bloedbaan 

aanwezig kan zijn: verpakt in veel LDL deeltjes van kleine afmeting of juist in wat minder deeltjes 

van grotere omvang. Kleine LDL deeltjes staan bekend om hun agressiviteit ten opzichte van de 

bloedvatwand, en geven daardoor aanleiding tot een hoger HVZ risico in vergelijking met de 

grotere deeltjes bij hetzelfde LDL cholesterol gehalte. In dit hoofdstuk hebben we onderzocht of 

het van klinisch belang is om dit onderscheid te maken. In een grote database van op voorhand 

gezonde mensen (EPIC-Norfolk cohort) bleek het LDL-deeltjes-aantal een betere HVZ voorspeller 

te zijn dan LDL-grootte of LDL cholesterol. Wanneer echter rekening werd gehouden met 
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verschillen in andere cholesterol parameters die standaard worden gemeten (HDL cholesterol, 

triglyceriden), verdween dit voordeel van LDL-deeltje-aantal. Dit fenomeen kan te maken hebben 

met het feit dat mensen met een hoog LDL-deeltjes-aantal veelal een verlaagd HDL cholesterol en 

verhoogd triglyceriden gehalte hebben. Het meten van LDL-deeltjes-aantal en -grootte leidt dus 

niet tot een betere risicoschatting in vergelijking met bepalingen die nu behoren tot dagelijkse 

routine. Gezien deze uitkomst alsmede de hoge kosten die gemoeid zijn met deze bepaling is 

klinisch gebruik hiervan dus niet zinnig. 

 

Hoofdstuk 3 – Met deze studie hebben we onderzoek gedaan naar de beste manier om bij de 

HVZ risicoschatting rekening te houden met de beschermende werking van het HDL deeltje. In de 

huidige praktijk wordt hiertoe het cholesterol gehalte in dit deeltje gemeten (HDL cholesterol). 

Echter, er bestaan aanwijzingen dat het belangrijkste eiwitbestanddeel van het HDL deeltje, het 

apolipoproteïne A-I, beter geschikt is in dit verband. Om dit te onderzoeken werd gebruik 

gemaakt van een tweetal bestaande databases met gegevens van patiënten die gedurende 

enkele jaren in studieverband zijn gevolgd. Dit zijn de cohorten van de EPIC-Norfolk studie (zie 

ook hoofdstuk 2) en van de IDEAL studie. Laatstgenoemde studie bevat gegevens van patiënten 

met doorgemaakte HVZ die ter preventie werden behandeld met een hoog (groep A) danwel een 

lager (groep B) gedoseerde cholesterol-verlager. De uitkomsten van de analyses in dit hoofdstuk 

laten zien dat zowel HDL cholesterol als apolipoproteïne A-I omgekeerd zijn geassocieerd met 

HVZ. Dit houdt in dat een lagere concentratie gepaard gaat een hoger HVZ risico. Echter, 

patiënten met uitzonderlijk hoge HDL cholesterol concentraties (>1.81 mmol/L) bleken in het 

IDEAL cohort opeens een hoger HVZ risico te hebben. Dit suggereert dat het HDL deeltje, wanneer 

het té vol met cholesterol zit, zijn beschermende werking tegen het optreden van HVZ kan 

verliezen en zelfs slecht voor de vaatwand kan worden. Omdat deze onverwachte uitkomst niet 

aanwezig was voor apolipoproteïne A-I, lijkt deze parameter geschikter te zijn als maat van het 

HVZ risico dat is geassocieerd met de HDL deeltjes samenstelling binnen een bepaalde patiënt. 

 

Hoofdstuk 4 – In dit hoofdstuk, waarin opnieuw gebruik wordt gemaakt van het EPIC-Norfolk 

cohort, hebben we onderzocht of de verhouding van de apolipoproteïne B : apolipoproteïne A-I 

concentraties (apolipoproteïne B/A-I = concentratie van apolipoproteïne B gedeeld door die van 

apolipoproteïne A-I) de huidige HVZ risicoschatting kan verbeteren. Zoals het apolipoproteïne A-I 

de belangrijkste eiwitcomponent is van het (beschermende) HDL, zo is apolipoproteïne B het 

belangrijkste eiwitbestanddeel van het (slechte) LDL. De aandacht voor apolipoproteïne B/A-I 

komt voort uit de gedachte dat deze parameter de beste weerspiegeling is van het cholesterol-

gerelateerde HVZ risico van een patiënt. De concentratie van het apolipoproteïne A-I weerspiegelt 

namelijk het meest accuraat de beschermende werking van de HDL fractie (zie ook hoofdstuk 3). 

Van het apolipoproteïne B wordt beschreven dat dit de beste vertegenwoordiger is van het HVZ 

risico dat is geassocieerd met de slechte cholesterol fractie. Dit is gebaseerd op het feit dat 

apolipoproteïne B niet alleen op LDL aanwezig is, maar ook op diens biologische voorlopers, VLDL 
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en IDL. Aangezien óók VLDL en IDL schadelijk voor de vaatwand kunnen zijn, biedt het mogelijk 

voordeel om deze deeltjes eveneens te betrekken bij de risicoschatting. Daarnaast is elk 

VLDL/IDL/LDL deeltje in een 1 op 1 verhouding verbonden met apolipoproteïne B, waardoor (in 

tegenstelling tot cholesterol concentraties) het apolipoproteïne B gehalte gevoelig is voor 

veranderingen in deeltjes-grootte, hetgeen medebepalend is voor de hoogte van het HVZ risico. 

Naast de overweging van betere risicoschatting, spelen praktische argumenten een rol bij de 

aandacht voor de apolipoproteïne B/A-I parameter. In tegenstelling tot cholesterol, kunnen deze 

parameters onder niet-nuchtere omstandigheden betrouwbaar worden bepaald. Deze 

eigenschap komt ten goede aan de praktische gang van zaken omtrent HVZ risicoschatting. De 

studie beschreven in hoofdstuk 4 toont inderdaad aan dat, vergeleken met alle andere 

cholesterol-gerelateerde variabelen, de apolipoproteïne B/A-I parameter het sterkst is 

geassocieerd met het optreden van HVZ. Echter, nadere bestudering van de impact van dit 

voordeel op de praktijk van risicoschatting toont aan dat het verbeterende effect tegenvalt, en 

volgens daartoe gestelde criteria niet statistisch significant is. Recent is een tweede studie 

verschenen die op identieke manier de klinische waarde van de apolipoproteïne B/A-I parameter 

beoordeelt (INTERHEART studie). De onderzoekers van deze studie bestudeerden de gegevens van 

véél meer HVZ patiënten (ruim 12.000) en constateerden wél een statistisch significant 

verbeterend effect van apolipoproteïne B/A-I op de huidige risicoschatting. De gegevens van 

beide studies én het praktische voordeel van apolipoproteïne-metingen gelden onzes inziens als 

een pleidooi voor implementatie van de apolipoproteïne B/A-I parameter in de huidige praktijk 

van HVZ risicoschatting. Het verdient aanbeveling om in de INTERHEART studie aanvullende 

analyses te verrichten om het verbeterende effect op risicoschatting duidelijker aan te tonen. 

Daarnaast zullen huidige risicomodules moeten worden aangepast om de apolipoproteïne B/A-I 

parameter in praktische zin te kunnen gebruiken. 

 

Deel I – Risico behandeling 

Wanneer de HVZ risicoschatting is afgerond en er sprake is van een verhoogd risico, dienen er 

preventieve maatregelen te worden genomen. Naast uiteraard aanpassingen van levensstijl, zijn 

veelal cholesterol-verlagende medicijnen (de zg. statines) nodig. In de huidige richtlijnen wordt 

geadviseerd om deze therapie aan te passen op geleide van het LDL cholesterol gehalte. Hiertoe 

definiëren de richtlijnen per patiëntengroep specifieke behandeldoelen. Zo dienen patiënten met 

het hoogste HVZ risico te worden behandeld tot een LDL cholesterol <2.6 mmol/L is bereikt. Op 

basis van bovenbeschreven argumenten (zie hoofstuk 4) kan echter worden gesteld dat andere 

variabelen, zoals apolipoproteïne B of de apolipoproteïne B/A-I parameter, geschikter zijn als 

behandeldoel, omdat de hoogte hiervan wellicht óók een betere weerspiegeling is van HVZ risico 

bij mensen die reeds statine therapie ontvangen. 

 

Hoofdstuk 5 – In deze studie onderzoeken we bovengenoemde studievraag. Hiertoe maken we 

gebruik van een tweetal databases van patiënten die in studieverband zijn behandeld met 
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statines, de IDEAL (zie ook hoofdstuk 3) en de TNT studies. Alle patiënten hadden reeds een vorm 

van HVZ doorgemaakt, en werden behandeld met een hoge (groep A) danwel een lage (groep B) 

statine-dosering. Met behulp van een gecombineerde database van deze twee studies (ruim 

18.000 patiënten) werd onderzocht welke parameter de beste HVZ voorspeller is: LDL cholesterol, 

apolipoproteïne B, non-HDL cholesterol of apolipoproteïne B/A-I. Non-HDL cholesterol wordt 

berekend als totaal cholesterol minus HDL cholesterol en is gelijk aan de totale hoeveelheid 

cholesterol in alle slechte deeltjes (VLDL/IDL/LDL). Theoretisch is deze parameter dus enigszins 

vergelijkbaar met apolipoproteïne B (zie hoofdstuk 4). De resultaten tonen aan dat 

apolipoproteïne B en non-HDL cholesterol betere HVZ voorspellers zijn dan LDL cholesterol. Een 

directe vergelijking van deze twee parameters laat geen verschil zien. Als alle variabelen onderling 

worden vergeleken, blijkt de apolipoproteïne B/A-I parameter de allerbeste risicomaat te zijn. 

Deze bevindingen suggereren dat de apolipoproteïne B/A-I parameter, naast een plek bij de 

risicoschatting, eveneens dient te worden gebruikt als behandeldoel voor statine therapie. Deze 

conclusie is echter nog een brug te ver. Het is namelijk nog onvoldoende bewezen dat verhoging 

van het apolipoproteïne A-I gehalte in alle omstandigheden leidt tot reductie van het HVZ risico. 

Aangezien het risico reducerende effect van verlaging van apolipoproteïne B en non-HDL 

cholesterol wel voldoende is bewezen, leiden de conclusies van deze studie tot het advies om één 

van beide parameters te gebruiken als behandeldoel van statine therapie. Aangezien geen 

onderling verschil in verspellende kracht kon worden aangetroffen, bestaat er geen evidente 

voorkeur voor apolipoproteïne B danwel non-HDL cholesterol. Het feit dat laatstgenoemde 

parameter gemakkelijk kan worden berekend uit parameters die reeds standaard worden 

gemeten, leidt tot een lichte voorkeur voor non-HDL cholesterol. 

 

Hoofdstuk 6 – Vanwege het ontbreken van duidelijk omschreven streefwaardes voor 

apolipoproteïne B en non-HDL cholesterol, kunnen deze parameters vooralsnog niet worden 

gebruikt in de huidige klinische praktijk. In hoofdstuk 6 hebben wij daarom een eerste schatting 

verricht van de optimale streefwaardes van deze parameters bij patiënten met statine therapie. 

Hiertoe werden in de IDEAL database de waardes geselecteerd voor oa. apolipoproteïne B en non-

HDL cholesterol waaronder geen statistisch significante correlatie met HVZ meer aanwezig was. 

De resultaten waren 0.89 g/L voor apolipoproteïne B en 2.87 mmol/L voor non-HDL cholesterol. 

Omdat dit slechts een schatting betreft van de optimale streefwaardes, dienen aanvullende 

studies te worden verricht op dit gebied. De resultaten van dergelijke studies samen kunnen het 

wetenschappelijk fundament vormen voor goed omschreven streefwaardes, waardoor verdere 

klinische implementatie kan worden uitgevoerd. 

 

Deel II – Nieuwe behandelingen 

Hoewel verbetering van huidige richtlijnen ter preventie van HVZ waar mogelijk van eminent 

belang is, lijkt de meeste aanvullende risicoreductie te moeten komen van nieuwe 

behandelstrategieën. Bij de ontwikkeling van nieuwe behandelingen staat verhoging van het 
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beschermende HDL cholesterol centraal. Op dit gebied werd reeds veel vooruitgang geboekt met 

farmacologische remming van het cholesteryl ester transfer protein (CETP). Dit eiwit speelt een 

centrale rol bij de biologische verwerking van HDL cholesterol. Het verzorgt namelijk transport van 

cholesterol uit HDL deeltjes naar LDL deeltjes, in ruil voor triglyceriden. Een hoge CETP activiteit 

leidt daardoor tot een verlaagde HDL cholesterol concentratie. Deze en andere observaties zijn 

reden geweest CETP-remmers te ontwikkelen, om zo op kunstmatige wijze het beschermende 

HDL cholesterol te verhogen en mogelijk een verdere HVZ risico reductie te kunnen 

bewerkstelligen. Het tweede deel van dit proefschrift is gericht op diverse zaken die te maken 

hebben met CETP en CETP-remming. 

 

Hoofdstuk 7 – Als inleiding op deel II bevat hoofdstuk 7 een overzicht van diverse genetische 

afwijkingen die aanleiding geven tot een verlaagd of juist verhoogd HDL cholesterol gehalte. Deze 

genetische afwijkingen, mutaties genoemd, sorteren hun effect doordat bepaalde eiwitten die 

betrokken zijn bij de HDL cholesterol verwerking in mindere mate worden geproduceerd of van 

inferieure kwaliteit zijn. Eén van de beschreven mutaties leidt tot een verlaagde CETP activiteit en 

dus een verhoogd HDL cholesterol gehalte. Een belangrijk onderdeel van dit hoofdstuk vormt de 

vraag óf en in hoeverre de diverse mutaties aanleiding geven tot een verhoogd (in geval van laag 

HDL cholesterol) of een verlaagd (in geval van hoog HDL cholesterol) HVZ risico. Om deze vraag te 

beantwoorden is over het algemeen een grote patiëntengroep nodig die enkele jaren in 

studieverband wordt gevolgd en waarin uiteindelijk de HVZ prevalentie wordt vergeleken met die 

van een controle groep. Een dergelijke studie is vaak niet mogelijk vanwege het zeldzame 

voorkomen van genoemde mutaties. Om deze vraag toch te kunnen onderzoeken in een kleinere 

patiëntengroep, wordt gebruik gemaakt van metingen van de intima-media dikte (intima-media 

thickness, IMT) van de halsslagader. De intima en media vormen een deel van de vaatwand van 

een slagader, en kunnen op bepaalde plaatsen in het lichaam goed middels echografisch 

onderzoek worden gemeten. Progressie van de IMT tussen twee tijdstippen is een reële 

afspiegeling van het HVZ risico: snelle progressie komt overeen met hoger risico. De IMT 

resultaten die worden beschreven in dit hoofdstuk tonen een versnelde IMT progressie aan bij alle 

patiënten met verlaagd HDL cholesterol gehalte, ongeacht de onderliggende mutatie. In 

tegenstelling tot wat werd verwacht, was bij de patiënten met een verhoogde HDL cholesterol 

concentratie door een CETP-mutatie geen sprake van minder snelle IMT progressie. De resultaten 

bevestigen dat CETP-remming een goede methode lijkt om HDL cholesterol kunstmatig te 

verhogen, maar benadrukken dat de gevolgen voor HVZ risico nauwkeurig moeten worden 

bestudeerd. 

 

Hoofdstuk 8 – Zoals besproken hebben patiënten met een CETP-mutatie een verhoogd HDL 

cholesterol gehalte. In het licht van farmacologische CETP-remming vormen zij een uitstekend 

model om de biologische gevolgen van een dergelijke strategie in detail te bestuderen. Hoofdstuk 

8 presenteert resultaten van genetische en biochemische metingen bij mensen met een CETP-
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mutatie in Nederland, die voorheen alleen in Japan waren geïdentificeerd. Vergelijking van de 

uitkomsten met die bij mensen zonder een CETP-mutatie toont aan dat er sprake is van een 

geïsoleerd verhoogd HDL cholesterol gehalte, hetgeen gepaard gaat met een verhoogde 

concentratie van het belangrijkste eiwit op HDL, het apolipoproteïne A-I. Vanwege een 

toegenomen hoeveelheid cholesterol in de HDL deeltjes ten gevolge van een verlaagde CETP-

activiteit, zijn de HDL deeltjes bij CETP-mutanten groter van omvang. Omdat minder cholesterol 

uit HDL naar LDL wordt getransporteerd, kan op theoretische gronden worden verwacht dat het 

LDL cholesterol gehalte lager is in geval van een CETP-mutatie. Bij Japanse families met een CETP-

mutatie is dit inderdaad aangetroffen, maar bij de Nederlandse studiegroep was hiervan geen 

sprake. Kort samengevat leidt een verlaagde CETP-activiteit in een West-Europese setting 

eveneens tot een geïsoleerd verhoogd HDL cholesterol gehalte. Nadere bestudering laat geen 

potentieel nadelige effecten zien. 

 

Hoofdstuk 9 – Tot nu toe blijft de vraag onbeantwoord of een verlaagde CETP-activiteit en 

daardoor een verhoogd HDL cholesterol gehalte aanleiding geeft tot een lager HVZ risico. Zoals 

besproken zal een grote groep mensen met een CETP-mutatie nodig zijn om deze vraag te 

beantwoorden. Omdat is gebleken dat een CETP-mutatie zeer zeldzaam is, zal hiervoor een 

alternatieve onderzoeksopzet nodig zijn. Om deze kwestie toch verder te kunnen bestuderen, 

hebben wij gebruik gemaakt van een dergelijk alternatieve benadering. Het is gebleken dat 

bepaalde kleine variaties in het DNA dat codeert voor CETP (single nucleotide polymorphisms, 

SNP’s) ook aanleiding geven tot een verlaagde CETP activiteit, hetgeen eveneens samengaat met 

een verhoogd HDL cholesterol gehalte. Hoewel deze gevolgen veel minder uitgesproken zijn dan 

bij de echte CETP-mutatie, komen dergelijke SNP’s vaker voor en kunnen daarom wél op 

groepsniveau worden bestudeerd. Hoofdstuk 9 bestudeert de relatie tussen een bekende CETP-

SNP en HVZ risico. Ondanks een licht verlaagde CETP activiteit en mild verhoogde HDL cholesterol 

concentratie, is deze SNP niet geassocieerd met een verlaagd HVZ risico. Hoewel enkele 

statistische argumenten kunnen worden aangevoerd voor de afwezigheid van een beschermend 

effect van de bestudeerde SNP (deze uitkomst zou immers theoretisch gezien logischer zijn), 

kunnen deze resultaten ook leiden tot de voorzichtige conclusie dat een verhoogd HDL 

cholesterol gehalte ten gevolge van verlaagde CETP activiteit geen voordeel biedt als het gaat om 

HVZ risico. De resultaten benadrukken opnieuw dat het effect van farmacologische CETP-remming 

op HVZ risico uitvoerig en nauwkeurig dient te worden bestudeerd. 

 

Hoofdstuk 10 – Vanwege bovenbeschreven twijfels ten aanzien van de gunstige effecten van 

CETP-remming, biedt hoofdstuk 10 een uitgebreid literatuuroverzicht van de biologische 

mechanismen waarbij CETP een rol speelt. Hieruit blijkt dat remming van dit eiwit op diverse 

manieren het proces van aderverkalking kan beïnvloeden, en dat de richting van deze 

veranderingen niet op voorhand is te voorspellen. Om aan alle onzekerheid een einde te maken, is 

het noodzakelijk om studies te verrichten waarin het HVZ risico wordt vergeleken tussen patiënten 
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die enige tijd zijn behandeld met een placebo of met een CETP-remmer. De resultaten van de 

eerste studies werden kort geleden bekend gemaakt. In deze studies werden patiënten met een 

verhoogd HVZ risico behandeld met placebo of met de CETP-remmer torcetrapib. Het effect op 

HVZ risico werd beoordeeld door meting van de IMT progressie (zie hoofdstuk 7). Het bleek dat, 

ondanks forse verhoging van het HDL cholesterol gehalte én verlaging van de LDL cholesterol 

concentratie, geen verschil in IMT progressie aanwezig was tussen beide behandelgroepen. In 

bepaalde subgroepen bleek zelfs dat behandeling met torcetrapib resulteerde in een versnelde 

IMT progressie. Hoewel deze resultaten overeenkomen met de reeds eerder beschreven 

hypothese dat HDL cholesterol verhoging door CETP-remming geen voordeel biedt als het gaat 

om HVZ risico, was een tweede verklarende factor aanwezig: bloeddruk verhoging. Het bleek dat 

behandeling met torcetrapib gepaard ging met een significante verhoging van de bloeddruk, 

hetgeen bekend staat als een belangrijke HVZ risicofactor. Een recente analyse van de 

studiegegevens toont inderdaad aan dat deze verandering statistisch gezien te maken heeft met 

de negatieve studie-uitkomst. Óf dit werkelijk het geval is, zal moeten volgen uit studies met 

nieuwe CETP-remmers die geen bloeddruk verhogend effect sorteren (dalcetrapib, anacetrapib). 

In de tussentijd dient aandacht te worden besteed aan een andere vorm van HDL therapie, 

verhoging van het apolipoproteïne A-I gehalte. Resultaten van diverse wetenschappelijke studies 

tonen het veelbelovende karakter aan van deze benadering. Onze bevindingen dat, in 

tegenstelling tot HDL cholesterol, hoge concentraties van het apolipoproteïne A-I niet tot een 

verhoogd HVZ risico leiden (hoofdstuk 3) ondersteunen dit concept. Ook hier zullen toekomstige 

behandelstudies met diverse apolipoproteïne A-I verhogende therapieën het antwoord moeten 

geven.
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“Promoveren doe je niet alleen”. Deze veelgebruikte zinsnede is opnieuw waar gebleken. Veel 

mensen hebben mij in de afgelopen jaren begeleid, geadviseerd en geholpen bij de voltooiing 

van mijn promotie. Alvorens ik een aantal van hen persoonlijk benoem, spreek ik mijn dank uit 

naar allen die zich, op welk gebied dan ook, voor mij hebben ingezet. 

 

Mijn promotor, Prof. Dr. J.J.P. Kastelein. Beste John, de keuze om een promotietraject te beginnen 

was snel gemaakt. De keuze voor een onderzoeksgroep daarentegen niet. Via het Slotervaart 

ziekenhuis kwam ik bij jou terecht, en ik had mij geen betere promotor kunnen wensen. Jij bezit 

de gave om een sfeer te creëren waarin professionaliteit, streven naar het allerbeste en keihard 

werken, maar óók gezelligheid, laagdrempeligheid en humor hand in hand gaan. Tijdens de 

moeizame momenten van een promotieonderzoek leef je mee en bied je oplossingen, tijdens de 

mooie momenten vier je mee. John, het vervult mij met trots om deel te hebben uit gemaakt van 

jouw onderzoeksgroep. Ik hoop in de toekomst, waar mogelijk, nog veel leermomenten met je 

mee te kunnen maken. 

 

Mijn co-promotores, Dr. J.A. Kuivenhoven en Dr. E.S.G Stroes. Beste Kuif, het CETP-deel van dit 

boekje is grotendeels onder jouw supervisie geschreven. Vol bewondering denk ik terug aan de 

wijze waarop jij begeleiding bood bij het schrijven. Hoewel jij bij de andere projecten slechts 

zijdelings betrokken was, heeft het door jou geplaatste fundament mede geleid tot het welslagen 

van deze artikelen. Ik hoop nog eens langs te komen in het ‘Land van Bartje’, want die bruine 

bonen met spek en stroop waren verrukkelijk! Hopelijk zijn de weersomstandigheden dan iets 

minder bar. Beste Erik, ik kan me je email nog goed herinneren waarin je mij vroeg het apoB/A-I 

stokje van Matthijs over te nemen. Op dat moment startte een intensieve samenwerking, met de 

artikelen uit deel I als resultaat. Je kon me als geen ander motiveren (ik had het koppie anders al 

vroeg in de ‘Annals-strijd’ laten hangen) en bleek elke keer weer een onuitputtelijke bron van 

wetenschappelijke ideeën. Elke ontmoeting, hoe vluchtig ook, leverde standaard één of meerdere 

ideeën op. Kun jij je voorstellen hoe het mij duizelde na onze autorit Amsterdam-Maastricht (vice 

versa én in de file!)? Dank voor je leermeesterschap. 

 

De leden van de promotiecommissie, Dr. A.K. Groen, Prof. Dr. R.J.G. Peters, Prof. Dr. P. Reiss, Prof. 

Dr. A.F.H. Stalenhoef en Prof. Dr. A.H. Zwinderman. Dank voor uw kritische beoordeling van het 

manuscript en voor uw bereidheid zitting te nemen in de promotiecommissie. Dr. A. Sniderman, 

dear Allan, it is a great honour to defend my thesis in your presence. I appreciate you to come over 

from Canada to be present. Thanks also for your critical comments on several of my 

apolipoprotein manuscripts and presentations. Your participation really added to a more precise 

interpretation of the data. 



Dankwoord 

165 

Dr. I. Holme, dear Ingar, chapters 3-5-6 would not exist without your statistical input. It was a 

privilege to work together. Thank you very much for your quick responses to my emails, which 

usually contained lots of statistical questions on a daily basis at some point. 

 

Dr. M. Boekholdt, beste Matthijs, veel data uit dit boekje zijn gebaseerd op het EPIC-Norfolk 

cohort, door jou naar Amsterdam gehaald. Bedankt dat we er met de verschillende 

vraagstellingen mee aan de slag konden.  

 

De afdeling Biostatistiek van het AMC, in persoon van Prof. Dr. A.H. Zwinderman en Dr. B. Hutten. 

Beste Koos, dank voor je vakkundige hulp tijdens de re-re-re-etc-submission van hoofdstuk 4 bij 

de Annals. Niets was teveel, je had altijd wel een moment tijd voor mij, en voor elk probleem bleek 

een (ogenschijnlijk simpele) oplossing. Beste Barbara, dank voor je hulp en actieve meedenken, 

óók bij projecten die uiteindelijk strandden en op de bekende plank terecht kwamen. 

 

Mieke Trip, ook wel bekend als de ‘moeder van de afdeling’. Je hield het benodigde oogje in het 

zeil en zorgde goed voor ons. De collega-promovendi Vasculaire Geneeskunde, ik heb jullie 

meegemaakt als een hechte groep mensen met de ingrediënten voor een in alle opzichten 

boeiende periode. In het bijzonder wil ik mijn kamergenoten noemen: Raaj, Rakesh, Sander en 

later Lisette. Ik mis onze loopjes naar de espressomachine, onze snack-time (cholesterol!) en de 

vrijdagmiddagborrel (triglyceriden!). Joyce, volgens mij weten wij niet half hoeveel werk jij voor de 

afdeling verricht. Ik ben je héél veel dank verschuldigd voor je hulp in de afrondingsfase. Je bent 

een baken waarop we blindelings kunnen vertrouwen. Kobie en Claartje, jullie zorgden voor een 

continue aanwas van patiëntenserum. Geen plekje in Nederland was voor jullie onbereikbaar, zelfs 

Didam niet. Bedankt! Anke en Inge, de CETP-koninginnen destijds. Soms waren de labzaken écht 

te ingewikkeld voor mij, dank voor het geduld. 

 

De internisten en collega arts-assistenten Interne Geneeskunde van het Slotervaart ziekenhuis, 

Amsterdam. Jullie zijn niet direct betrokken geweest bij mijn promotieonderzoek, tóch wil ik jullie 

graag in mijn dankwoord noemen. Na mijn periode in het AMC ben ik terecht gekomen in een 

boeiende werkomgeving waarin - naast hele goede patiëntenzorg -  aandacht voor een gedegen 

opleiding centraal staat. Bedankt voor het bieden van ruimte voor afronding van mijn promotie. Ik 

hoop nog lang bij jullie mijn opleiding te genieten. 

 

Mijn paranimfen, Sander van Leuven en Henrik van der Steeg. Beste Sander, we hebben veel 

onderzoekslief en –leed met elkaar gedeeld. Ik beschouw het als een eer dat je mijn paranimf 

bent. Beste Henrik, het geeft een goed gevoel om vandaag vergezeld te zijn van mijn oudste 

broer. 
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Mijn broers, zusjes, zwagers, schoonzussen en schoonfamilie. Jullie interesse en betrokkenheid 

deden mij goed. Het meedenken en de adviezen tijdens de eindsprint hebben mijns inziens 

absoluut bijgedragen aan de kwaliteit van het boekje.  

 

Papa en mama, jullie hebben vele jaren de mogelijkheden én vrijheid gecreëerd om mij te 

ontwikkelen tot wie ik ben. Altijd was er interesse, advies en veel praktische hulp als dit nodig was. 

Ik wil jullie heel erg bedanken voor alles wat jullie hebben betekend, het was van onschatbare 

waarde. 

 

Lieve Mireille, je hebt me de afgelopen jaren te vaak moeten missen vanwege het promotie-

onderzoek. Een groot deel van onze vrije tijd zat ik achter de computer, of “stond mijn hoofd niet 

uit”. Ik wil je heel erg bedanken voor deze onmisbare bijdrage. Lieve Laurens, onze kleine man, je 

kwam net op tijd om deel uit te kunnen maken van dit proefschrift. Eén blik op jou geeft mij weer 

energie voor tien. Als we een keer zijn uitgevoetbald, zal ik je vertellen wat papa allemaal in dit 

boekje heeft opgeschreven. 
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