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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  
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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. 
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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 
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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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