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CHAPTERR 6 
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Abstrac t t 

Backgroun d d 
Cholesteryll ester transfer protein (CETP). a protein that transfers lipids 

betweenn l ipoproteins, important ly contributes to the dyslipidemia in 
patientss wi th type 2 diabetes. To better understand the relationships 

betweenn CETP. l ipoprotein metabol ism, l ipid-lowering therapy, and coro-

naryy atherosclerosis in diabetes, we prospectively assessed lipids, l ipo-

proteinss and angiographic data in a large cohort of patients suffering f rom 

thiss disease. 

Method ss an d resu l t s 
Forr this purpose, we used the Diabetes Atherosclerosis Intervention 

Studyy (DAIS), a lipid lowering coronary angiography tr ial, in which type 2 

diabeticc patients were randomised to either fenofibrate or placebo. At 

baseline,, higher CETP levels were associated wi th a more atherogenic lipid 

profile.. Fenofibrate was only effective in reducing TC. LDL-c and apoB in 

patientss wi th lowest and median CETP. whereas in contrast, reductions in 

TG-richh l ipoproteins were similar across CETP levels. Baseline CETP con-

centrationn was also associated wi th the progression of coronary athero-

sclerosis,, but only in patients randomized to fenofibrate. Correction for 

thee effects of fenofibrate towards TC. LDL-c and apoB revealed that the 

meann luminal diameter of patients in the highest CETP quarti le progres-

sedd more rapidly (p<0.03) than in other quartiles. 

Conclus io n n 
Thesee data show that higher CETP levels are associated wi th an altoge-

therr more atherogenic l ipoprotein profile. But more important ly, this DAIS 

studyy cohort provides evidence that, under fenofibrate t reatment, baseli-

nee CETP levels contr ibute t o the progression of coronary atherosclerosis 

inn type 2 diabetes. 



Introductio n n 

Cardiovascularr disease (CVD) is the major cause of death in patients wi th 

typee 2 diabetes. Moreover, the risk of cardiovascular morbidi ty and mor-

ta l i tyy is significantly higher in subjects wi th t ype 2 diabetes compared 

wi thh non-diabetic subjects.1 In these patients, hypertriglyceridemia, low 

high-densityy l ipoprotein cholesterol (HDL-c), and a preponderance of 

smalll low-densi ty l ipoprotein (LDL) particles are the most prominent l ipo-

proteinn disturbances.1 Cholesteryl ester transfer protein (CETP) is recog-

nizedd as an important player in mediating dyslipidemia in type 2 diabe-

tes.33 This protein transfers cholesteryl ester (CE) f rom HDL t o both very-

loww density l ipoprotein (VLDL) and LDL particles, and triglycerides (TG) 

f romm VLDL t o LDL and HDL.4 In patients wi th type 2 diabetes and high 

TGG levels. CETP is thought t o contribute t o the format ion of small dense 

LDLL particles by a preferential CE transfer f rom HDL t o small dense LDL. 

InIn addit ion, an indirect pathway involving an enhanced CE transfer f rom 

HDLL to large VLDL. the precursor of small dense LDL particles in plas-

ma,55 is thought t o further contribute t o the atherogenic LDL fraction. 

Thee role of CETP in atherogenesis, however, is under debate: CETP is also 

perceivedd to be ant iatherogenic, since it plays a central role in the trans-

portt of cholesterol f rom peripheral tissues (including the arterial wall) to 

thee liver.6 a process known as the reverse cholesterol transport (RCT) 

pathway.. Thus far, studies of human CETP deficiency have not provided 

clearr insight as t o whether CETP is atherogenic or antiatherogenic.7"10 

Whenn it comes to CETP mediated neutral lipid transfer in type 2 diabe-

tes,, the current l i terature is also controversial; This process has been 

shownn to be increased,11"13 unchanged,14:15 as wel l as diminished.1 6 1 7 This 

diversityy not only reflects differences in CETP activity assays. It probably 

alsoo indicates that CETP is affected by l i fe-style parameters such as body 

masss index, alcohol intake, smoking and hyperglycemia. On the one hand. 

CETPP can be perceived to promote the typical dyslipidemia of diabetes, 

i.e.. causing low HDL-c as a consequence of increased CE transfer to t r i -

glyceride-richh l ipoproteins. In a next step, it may also contr ibute t o the 

generationn of small dense LDL. On the other hand, CETP action itself is 

modif iedd by the composit ion of various l ipoproteins18 underlining the 

complexi tyy of this issue. 

InIn males wi th established coronary artery disease (the REGRESS study 

cohort),, genetic variation at the CETP gene locus was shown t o be asso-

ciatedd wi th coronary atherosclerosis.19 In addit ion, a pharmacogenetic 

interactionn between the TaqlB genotype and the response to pravastatin 

therapyy was observed. However, several investigators have recently 

shownn that this single marker is insufficient to predict response to l ipid-

loweringg drugs, and outcome of CVD.20"24 Nevertheless, in most studies 

thee association between CETP levels and plasma lipids is pronounced and 

itt remains to be investigated how these relate to atherosclerosis. This is 

off special interest in the context of the drugs under development that 

inhibitt CETP activity. 
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Wee used the Diabetes Atherosclerosis Intervention Study (DAIS) cohort, 

too study the relationships between CETP. l ipoprotein metabol ism and the 

progressionn of coronary atherosclerosis in type 2 diabetes.25 Both the 

REGRESSS and DAIS used mean luminal diameter and minimal luminal dia-

meterr as surrogate endpoints for CVD and were both placebo control led 

Thee similar design of these studies allowed us to examine whether the 

effectss that were previously observed for CETP levels and pravastatin, 

wouldd also be true for CETP levels and fenofibrate. 

Method s s 

P a t i e n t s s 

Thee DAIS study has been described previously.2526 In summary. DAIS is a 

mult inat ional,, randomised, placebo-control led, double-bl ind angiographic 

studyy wi th 418 type 2 diabetic patients (men and women) to assess the 

effectt of t reatment wi th micronized fenofibrate (200mg/day). The mean 

fo l low-upp was 3 years and 3 months. In the present study, we were able 

t oo measure CETP plasma concentration in 341 patients. A t inclusion, all 

participantss had at least one minimally visible lesion on coronary angio-

graphy.. The mean luminal diameter, the minimal luminal diameter and the 

percentt diameter stenosis were obtained at the start and at the end of 

thee study. Decreases in mean luminal diameter and minimal luminal dia-

meterr reflect progression of diffuse and focal coronary atherosclerosis, 

respectively.. An increase of diameter stenosis reflects an increase of 

focall coronary atherosclerosis as well. 

Labora to r yy ana lyse s 

Plasmaa lipids and l ipoproteins were measured using standard techniques 

ass reported previously.27 CETP concentration was determined using a 

two-ant ibodyy sandwich ELISA. Carried out according to McPherson et 

al.28 8 

S t a t i s t i c a ll  ana lyse s 
Thee patients were stratif ied according t o CETP baseline concentration to 

unravell the relationship between CETP levels, lipid profiles or angiogra-

phicc outcome. For CETP concentration the lowest quarti le (<1.85 mg/dl) 

andd the highest quarti le (>3.52 mg/dl) were contrasted w i th the pooled 

middlee t w o CETP concentration quartiles (1.85 mg/dl - 3.52 mg/dl) 

Differencess between these groups for baseline parameters and changes 

afterr therapy were tested wi th one-way ANOVA or the chi-square test 

wheree appropriate. In addition, differences wi th respect to absolute chan-

gess in angiographic parameters and lipid parameters during the tr ial were 

evaluatedd w i th ANCOVA. Univariate correlat ion was measured by 

Pearson'ss correlation coefficient. All analyses were performed using SAS 
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Result s s 

Thee baseline characteristics of the DAIS study population and the ef fect 

off fenofibrate versus placebo on lipid parameters have been described 

e lsewhere.2 5 2 6 2 99 Table 1 gives baseline characteristics of those 341 DAIS 

patientss f rom whom plasma was available for CETP assays. The plasma of 

CETPP concentration CETP concentration CETP concentration 

<< 1.85 1.85 - 3.52 > 3.52 

n=866 n=170 n=85 P va lue 3 

Demographicc and l i f es ty le 

Genderr (males/ females) 

Agee (years) 

BMII (kg/m2) 

Currentt Smoking (%) 

His toryy of Ml (%) 

711 / 15 

57.222 (5.86) 

27,933 (2,93) 

155 (17.4 %) 

188 (20,9 %) 

1133 / 57 

56.755 (6.27) 

28.711 (3,19) 

233 (13.5 %) 

477 (27.6 7.) 

600 / 25 

56.499 (5.86) 

29.444 (3.27) 

111 (12.9 %) 

188 (21.2 %) 

0.0258 8 

0.7200 0 

0.0078 8 

0.6898 8 

0,3652 2 

Lipids,, l i popro te ins and glucose 

Tota ll cho les te ro l (mmol/ l ) 

HDLL cho les tero l (mmol/ l ) 

DLL cho les tero l (mmol/ l ) 

Triglyceridess (mmol/ l ) 

IDL-cholestero ll (mmol/ l ) 

VLDL-cholestero ll (mmol/ l ) 

IDL-TGG (mmol/ l ) 

VLDL-TGG (mmol/ l ) 

Apoo Al (g/l) 

Apoo B (g/l) 

LDL// ApoB rat io (mmol/g) 

LDLL size (nm) 

Fastingg glucose (mmol/ l ) 

HbA1CC (%) 

5.477 (0.69) 

1.033 (0.20) 

3.411 (0.67) 

2.233 (1.03) 

0.300 (0.12) 

0.755 (0.37) 

0.133 (0,05) 

1.599 (0.76) 

1.222 (0.17) 

1.122 (0.15) 

3.088 (0.42) 

25.044 (1.09) 

8.833 (2.53) 

7.600 (1.25) 

5.600 (0.71) 

1.033 (0,21) 

3.388 (0.69) 

2.611 (1,11) 

0.333 (0.12) 

0.855 (0,44) 

0.144 (0.05) 

1.833 (0.92) 

1.266 (0.18) 

1.166 (0.18) 

3.999 (0,98) 

24.666 (1.09) 

8.822 (2.52) 

7.555 (1.15) 

5.600 (0.77) 

1.022 (0.19) 

3.355 (0.76) 

2.722 (1.45) 

0.388 (0.14) 

1.044 (0.51) 

0.133 (0.05) 

2.099 (1.11) 

1.255 (0.20) 

1.188 (0.20) 

2.811 (0.50) 

24.400 (1.17) 

8.899 (2.40) 

7.366 (1.20) 

0.3173 3 

0.9274 4 

0.8224 4 

0,0177 7 

<0.0001 1 

<0.0001 1 

0.3586 6 

0.0028 8 

0.4412 2 

0,0437 7 

0,0008 8 

0.0010 0 

0,9802 2 

0.3441 1 

Coronaryy angiography 

Meann luminal diameter (mm) 

Minimumm lumen diameter (mm) 

Diameterr stenosis (%) 

2.777 (0.44) 

2.199 (0.44) 

22.622 (8.11) 

2.622 (0.44) 

2.088 (0.44) 

21.233 (7.55) 

2,688 (0,39) 

2,144 (0,39) 

21.111 (7.17) 

0.0307 7 

0.1258 8 

0,3217 7 

Tabell 1 

Baselinee characteristics according to CETP concentration at baseline. 

Valuess are means (SD). CETP=cholesteryl ester transfer protein. BMI= body mass index 

HDL== high density l ipoprotein, LDL= low density l ipoprotein. Lp (a)= Lipoprotein (a). 

a == ANOVA or Chi 2 test. 
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777 patients was not available for baseline CETP concentration measure-

ments;; however, the missing 77 individuals did not differ in any charac-

teristicc f rom the 341 patients. Tabl e 1 shows the current study group 

separatedd into quartile 1 (the lowest), quarti le 2 plus 3 pooled, and quar-

t i lee 4 (the highest) according t o their CETP concentrations. 

Wee observed no differences in age. smoking, or history of myocardial 

infarctionn (Ml) between the 3 groups. The highest quarti le. however, inclu-

dedd more women compared to the other t w o groups (p=0.026) and sub-

jectss wi th higher CETP concentration had a significantly higher body-mass 

indexx (BMI) (p=0.008). Subsequent analyses were corrected for baseline 

differences. . 

Thee three CETP groups did not dif fer w i th regards to TC. HDL-c, apoA-l. 

orr LDL-c. Cholesterol concentrations in the VLDL and IDL subfractions. 

however,, were significantly higher wi th increasing CETP concentration 

(p<0.00011 and p<0.0001. respectively). Furthermore. CETP concentration 

wass positively associated wi th decreasing LDL size (p=0.001), increasing 

apoBB levels (p=0.04), tota l TG (p=0.018) and VLDL-TG (p=0.003). In line 

wi thh a more atherogenic l ipoprotein profi le, diffuse atherosclerosis at 

baseline,, as assessed by mean luminal diameter, was more pronounced in 

thosee type 2 diabetic patients wi th median or high CETP concentrations 

(p=0.031). . 

Ef fec tt  o f f e n o f i b r a t e t he rap y on CETP c o n c e n t r a t i o n , l i p ids , 
l i pop ro te in ss an d g lucos e accord in g t o CETP c o n c e n t r a t i o n at 
base l in e e 

Tablee 2 shows the effect of placebo and fenofibrate in the three CETP 

concentrationn groups. The "p value for quartiles effect" denotes changes 

inn parameters between the three CETP concentration groups in the pla-

ceboo and fenofibrate arm. respectively. The "p-value for interaction 

ef fect"" indicates whether there is an overall interaction between the use 

off either placebo or fenofibrate and CETP concentration. Finally, the p-

valuess given in the rows indicate whether the effect of fenofibrate dif fers 

f romm that of placebo for the respective parameter in each of the three 

CETPP subgroups. 

Ourr results show that patients wi th highest baseline CETP concentrat ion 

exhibitedd a decrease of CETP levels in both arms of the study A signif i-

cantt quartile effect was seen in both placebo (p<0.0001) and the fenof i -

bratee group (p<0.0001). However, changes in CETP concentration in each 

off the 3 CETP subgroups, were not significantly different when fenof i -

bratee and placebo treatment were compared and no overall interaction 

effectss was seen (p=0.92). 

Regardingg changes in lipids, an overall interaction of t reatment on TC 

(p=0.016)) and LDL-c (p=0.015) was ident i f ied. For both TC and LDL-c. this 
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Changee in 

CETPP concentration (g/l) 

Totall cholesterol (mmol/l) 

HDL-cc (mmol/l) 

LDL-cc (mmol/l) 

Triglyceridess (mmol/l) 

IDL-CC (mmol/l) 

VLDL-CC (mmol/l) 

IDL-TGG (mmol/l) 

VLDL-TGG (mmol/l) 

Apoo Al (g/l) 

Apoo B (g/l) 

LDL-c/Apoo B ratio (mmol/g 

LDLL size (nm) 

Placebo o 

Fenofibrate e 

PP value for treatment effect 

Placebo o 

Fenofibrate e 

PP value for treatment effect 

Placebo o 

Fenofibrate e 

PP value for treatment effect 

Placebo o 

Fenofibrate e 

PP value for treatment effect 

Placebo o 

Fenofibrate e 

PP value for treatment effect 

Placebo o 

Fenofibrate e 

PP value for treatment effect 

Placebo o 

Fenofibrate e 

PP value for treatment effect 

Placebo o 

Fenofibrate e 

PP value for treatment effect 

Placebo o 

Fenofibrate e 

PP value for treatment effect 

Placebo o 

Fenofibrate e 

PP value for treatment effect 

Placebo o 

Fenofibrate e 

PP value for treatment effect 

Placebo o 

Fenofibrate e 

PP value for treatment effect 

Placebo o 

Fenofibrate e 

PP value for treatment effect 

CETPP concentratio n 

<< 1.85 j 

n=45 5 

1.422 (1.51) 

1.144 (1.02) 

0.4259 9 

-- 0.11 (0.65) 

-- 0.82 (0.73) 

<< 0.0001 

0.033 (0.15) 

0.033 (0.20) 

0.8475 5 

0.022 (0.57) 

-- 0.51 (0.72) 

0.0003 3 

-- 0.35 (0,98) 

-- 0.74 (0.87) 

0.0030 0 

0.044 (0.12) 

-- 0.04 (0.15) 

0.0101 1 

0.022 (0.37) 

-- 0.42 (0.35) 

<< 0.0001 

0,022 (0.06) 

0.000 (0.06) 

0.5886 6 

-- 0.05 (0.78) 

-- 0.79 (0.66) 

<< 0.0001 

0.033 (0.16) 

0.122 (0.21) 

0.0113 3 

-- 0.02 (0.18) 

-- 0.19 (0.24) 

0.0001 1 

-- 0.01 (0.36) 

0.100 (0.43) 

0.4966 6 

0.222 (0.87) 

0.711 (0.64) 

0.0029 9 

Tabell  2 

Effectt of fenofibrate therapy on CETP concentrat ion, lipids and (apo)lipoproteins 

accordingg to baseline CETP concentration. 
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CETPP concen t ra t ion 

1.85.-- 3.52 

n=81 1 

0.544 (1.65) 

0.422 (1.34) 

0.6668 8 

0.144 (0.76) 

0.633 (0.86) 

<< 0.0001 

0.000 (0.17) 

0.044 (0.18) 

0.2230 0 

0.022 (0.66) 

-0 .211 (0.80) 

0.0146 6 

- 0 . 3 44 (1.25) 

-0 .988 (1.07) 

<0.0001 1 

0.033 (0.14) 

0.055 (0.12) 

0.0001 1 

0.022 (0.44) 

-0 .300 (0.43) 

<0.0001 1 

0.022 (0.05) 

0.011 (0.06) 

0.3945 5 

0.077 (1.02) 

-0 ,711 (0.97) 

<0.0001 1 

0.033 (0.15) 

0.066 (0.20) 

0.7398 8 

-0 .033 (0.18) 

- 0 . 1 11 (0.23) 

0.0026 6 

0.022 (0.47) 

0.100 (0.59) 

0.2309 9 

0.288 (0.91) 

1.077 (1.07) 

<0.0001 1 

CETPP concen t ra t ion 

>3.52 2 

n=47 7 

-- 1.89 (2.14) 

-- 2.07 (1.86) 

0,5650 0 

-- 0.19 (0.73) 

-- 0.31 (0.90) 

0.4590 0 

0.011 (0.14) 

0.055 (0.20) 

0.2707 7 

-- 0,10 (0.64) 

0,011 (0,81) 

0.6521 1 

-- 0.21 (1.13) 

-- 0.90 (1.53) 

0.0363 3 

0.011 (0.14) 

-- 0.04 (0,17) 

0.1130 0 

-- 0.11 (0.37) 

-- 0.39 (0.49) 

0,0052 2 

0.011 (0.05) 

0.011 (0,07) 

0.7354 4 

-- 0.21 (0.96) 

-- 0.79 (0.86) 

0.0215 5 

0.044 (0.17) 

0.077 (0.16) 

0.4791 1 

-- 0.04 (0.19) 

-- 0.12 (0.22) 

0.4685 5 

0.099 (0.42) 

0.288 (0.41) 

0.2809 9 

0.400 (0.89) 

0.988 (1.18) 

0,0262 2 

PP value f o r 

quar t i l ess e f f e c t 

<0.0001 1 

<0.0001 1 

0,7680 0 

0.0033 3 

0.7723 3 

0.8897 7 

0.4503 3 

0.0091 1 

0.7227 7 

0.2550 0 

0.9349 9 

0.2983 3 

0.4692 2 

0.0801 1 

0.2508 8 

0.8946 6 

0.7708 8 

0.2884 4 

0.8810 0 

0.0957 7 

0.6995 5 

0.0160 0 

0.8899 9 

0.8421 1 

0.7013 3 

0.2969 9 

Thee only interaction effect of significance was in to ta l cholesterol (p=0.0159) and LDL-

cholesteroll (p=0.0154) 
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effectt was primarily due t o the good response to t reatment in the lower 

CETPP quartiles (lowest quarti le: p<0.0001. p=0.0003. respectively: middle 

t w oo quartiles: p<0.0001: p=0.015. respectively). In line. apoB decreased 

significantlyy only in the lower CETP quartiles ( lowest quarti le: -0.19 g/l. 

p=0.0001.. middle t w o quarti les: -0.11 g/l. p=0.003). while no significant 

ef fectt was seen in the highest quartile (-0.12 g/l. p=0.47). In contrast to 

thee parameters described above, decreases in LDL size. VLDL-c. VLDL-TG 

andd TG in the t reatment arm were independent of baseline CETP levels. 

Ef fec tt  f e n o f i b r a t e t he rap y on angiographi c o u t c o m e accord in g 

Thee relationship between angiographic parameters and CETP quarti le is 

shownn in Table 3. In the placebo group, CETP at baseline was not related 

t oo angiographic changes. In contrast, in patients at lowest CETP levels 

fenofibratee t reatment was associated wi th least progression of dif fuse 

atherosclerosiss compared t o the other quartiles (p-value for quarti le 

effectt = 0.01 land p-value for interaction effect = 0.039). as can be seen 

inn Figur e 1a. Second, baseline CETP concentration was found to be signi-

f icantlyy associated wi th the progression of focal atherosclerosis under 

fenofibratee therapy (r=-0.18. p=0.022; Figur e 1b): in the lowest CETP quar-

t i lee the minimal luminal diameter was less decreased compared wi th the 

0.200 0 

o.ioo o 

o.ooo o 

-o.ioo o 

-0.200 0 

-0.300 0 

-0.400 0 

PL/.CEB O O 

[~ll Baseline CETP mass lowest quarti le 

|| Baseline CETP mass middle quartiles 

II I Baseline CETP mass highest quarti le 

Figuree 1a 

Changess in mean luminal diameter according to cholesteryl ester transfer protein con-

centrationn at baseline after t reatment wi th placebo or fenofibrate. 
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otherr quartiles (p-value for quarti le effect = 0.037 and p-value for inter-

actionn effect = 0.064). Third, increasing CETP levels lead to increased per-

centagee diameter stenosis at the end of the study (p=0.051: Table 3. 
Figur ee 1c). After correction for the effect of fenofibrate on TC. LDL-c and 

apoBB the mean luminal diameter of patients in the highest CETP quarti le 

progressedd more rapidly (p<0.03) than in other quartiles 

Discussio n n 

Thiss study provides compell ing evidence that in patients wi th type 2 dia-

betes.. CETP levels are an important factor in the angiographic response 

t oo fenofibrate treatment. This correlation could in part, but not all, be 

explainedd by more pronounced TC. LDL-c. and apoB lowering by fenof i -

bratee in patients wi th lower CETP levels. 

Basel in ee paramete r s in t h e c o n t e x t o f CETP c o n c e n t r a t i o n . 

Baselinee data of the DAIS confirm that higher CETP levels are related to 

aa more atherogenic lipid profi le30 that subsequently can explain the sig-

nificantlyy smaller mean luminal diameter in the high and medium CETP 

quartiless compared t o the lowest CETP quartile. Baseline CETP concen-

trat ionn was. however, not associated wi th HDL-c. TC. LDL-c. glucose and 

HbAlc .. This lack of association between CETP concentration and HDL-c 

hass been observed previously.28 CETP activity levels were not determin-

edd in this study, however. CETP levels show a good correlation wi th CETP 

activity,, as has been described by McPherson et al.28 

Ef fec t ss o f f e n o f i b r a t e on l ip ids . CETP c o n c e n t r a t i o n , g lucos e 
an dd H b A l c . 

Fenofibratee proved t o be equally effect ive in lowering concentrations of 

TG-richh l ipoproteins in al l patients regardless of baseline CETP levels. 

Interestingly,, fenofibrate proved t o be more effective in reducing TC. 

LDL-cc and apoB in patients wi th lower CETP levels. This f inding is not 

easilyy explained. Perhaps, high CETP. in the context of fenofibrate. keeps 

drivingg the generation of atherogenic small dense LDL particles.31 w i th 

lesss aff inity for LDL receptor uptake.32 The complexity of this issue is 

fur therr il lustrated by the fact that fenofibrate can reduce LDL-c levels t o 

aa greater extent than other fibrates. an ef fect that seems t o be abroga-

tedd by high CETP levels. Alternatively, one could imagine that fenof ibrate 

itselff affects CETP concentration as has been described previously in indi-

vidualss wi thout diabetes who have combined hyperlipidemia.31 However, 

fenofibratee had no ef fect on CETP concentration in the DAIS populat ion. 

Thiss may represent a dif ferential ef fect ing those wi th, versus those wi t -

houtt diabetes. 
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Changee in 

Meann luminal diameter (mm) 

Minimumm lumen diameter (mm) 

Diameterr stenosis (%) 

Placebo o 

Fenofibrate e 

PP value for treatment effect 

Placebo o 

Fenofibrate e 

PP value for treatment effect 

Placebo o 

Fenofibrate e 

PP value for treatment effect 

CETPP concentratio n 

<1.85 5 

n=45 5 

-0.100 (0.17) 

-0.022 (0.15) 

0.0163 3 

-0.122 (0.15) 

-0.044 (0.18) 

0.0169 9 

2.811 (5.72) 

0.799 (6.15) 

0.1288 8 

Tablee 3 

Absolutee changes in mean segment diameter, minimum segment diameter and diame-

terr stenosis according to CETP concentration at baseline between Placebo and 

Fenofibratee groups. 

0.200 0 

0.100 0 

0.000 0 

-0.100 0 

-0.200 0 

-0.300 0 

-0.400 0 

^rh : : 
FEhh OFIB R VTE 

r=-0.2188 p=0. 022 

l~ll  Baseline CETP mass lowes t quartile 

|| Baselin e CETP mass middl e quartiles 

II I Baselin e CETP mass highes t quartil e 

Figur ee l b 

Changess in minimal luminal diameter according to cholesteryl ester transfer protein 

concentrationn at baseline after treatment wi th placebo or fenofibrate. 
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CETPP concentratio n 

1.855 - 3.52 

M M M 

-0 .099 (0.18) 

-0 .088 (0.18) 

0.9358 8 

-0 .111 (0.19) 

-0 .088 (0.15) 

0.1797 7 

3.755 (7.01) 

1.911 (5.62) 

0.0555 5 

CETPP concentrat ion 

>3,52 2 

n=47 7 

-0 .099 (0.17) 

-0 .133 (0.19) 

0.2732 2 

-0 .100 (0.15) 

-0 .133 (0.14) 

0.3594 4 

3.033 (5.35) 

4.033 (6.90) 

0.4492 2 

PP valu e fo r 

quar t i less e f fec t 

0.8782 2 

0.0109 9 

0.8102 2 

0.0370 0 

0.6033 3 

0.0510 0 

PP valu e fo r 

i n te rac t ionn e f f e c t 

0.0392 2 

0.0641 1 

0.1722 2 

Valuess are means (SD), CETP=cholesteryl ester transfer protein, a =ANCOVA model on 

changess = baseline + quarti le + treatment + quarti le by treatment interaction. P-valu-

ess are corrected for gender and body mass index. 

15.000 0 

10.000 0 

5.000 0 

0.000 0 

-5.000 0 

-15.000 0 

Lit t 
P L A C E B O O F E M O F I B RR VTE 

II I Baseline CETP mass lowest quartile 

|| Baseline CETP mass middle quartiles 

[~11 Baseline CETP mass highest quartile 

Figuree 1c 

Changess in percentage diameter stenosis according to cholesteryl ester transfer pro-

teinn concentration at baseline after treatment wi th placebo or fenofibrate. Lines are 

standardd deviations. 
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E f fec tt  o f therap y on th e progress io n o f coronar y a t h e r o s c l e -
rosis . . 

InIn men wi th CAD (REGRESS), we observed that a high baseline CETP level 

wass associated wi th progression of coronary atherosclerosis in the place-

boo arm.19 Along these lines, we expected to f ind similar results in DAIS. 

However,, in the DAIS placebo group the progression of coronary athero-

sclerosiss was similar regardless of baseline CETP. possibly a ref lect ion of 

diabetess itself. 

Inn contrast to the placebo group, an association between baseline CETP 

andd the response t o fenofibrate therapy became evident wi th regard to 

angiographicc parameters. Decreases of mean luminal diameter and mini-

mumm luminal diameter and increase of percent stenosis diameter were all 

positivelyy associated wi th increasing CETP levels. Importantly, these 

effectss could not be explained by differential changes in HDL or TG-rich 

l ipoproteinss or by specific effects of fenofibrate on CETP concentration 

itself.. Correction for the effect of fenofibrate on TC, LDL-c and apoB 

revealedd that the mean luminal diameter of patients in the highest CETP 

quarti lee progressed more rapidly (p<0.03) than in other quartiles. This lat-

terr observation indicates that CETP per se, must have an ef fect corona-

ryy atherosclerosis not only through specific changes in blood lipids but 

alsoo via other routes perhaps by its role in mediating cholesterol eff lux 

inn macrophages.33 

Conc lus ions . . 
Thiss study shows that CETP levels in type 2 diabetic patients contr ibute 

too the progression of coronary atherosclerosis, even under fenofibrate 

treatment.. This association could in part be attr ibuted to an enhanced 

efficacyy of fenofibrate to reduce TC and LDL-c levels in patients at lower 

CETPP levels, but an independent effect of CETP on progression of athe-

rosclerosiss in the coronary arteries was also observed. 
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