
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Genetic and biochemical riks factors in coronary artery disease

Boekholdt, S.M.

Publication date
2005

Link to publication

Citation for published version (APA):
Boekholdt, S. M. (2005). Genetic and biochemical riks factors in coronary artery disease.
[Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/genetic-and-biochemical-riks-factors-in-coronary-artery-disease(cbd90ee3-cdde-42f2-a371-cccbe3e3bf90).html


Thee cholesteryl ester  transfer  pro-
teinn (CETP) TaqlB variant, HDL cho-
lesteroll  levels, cardiovascular  risk 
andd the efficacy of pravastatin treat-
mentt  - an individual patient meta-
analysiss of 13,677 subjects 

S.. Matthijs Boekholdt, Frank M. Sacks, J. Wouter Jukema, James Shepherd, 
Dilyss J. Freeman, Alex D. McMahon, Francois Cambien, Viviane Nicaud, 
Greetjee J. de Grooth, Philippa J. Talmud, Steve E. Humphries, George J. 
Miller,, Gudny Eiriksdottir, Vilmundur Gudnason, Heiki Kauma. Sakari 
Kakko,, Markku J. Savolainen, Marcello Area, Anna 
Hans-Joachh im Lanz, Aeilko H. Zwinderman, Jan-AH| 
JohnJ.P.. Kastelein 

Leall  Epidemiology 
Thee Netherlands; 
II  Boston, MA, USA; 
iter,, Leiden, The 

Departmentss of Cardiology, Vascular Medicine, anc 
andd Biostatistics, Academic Medical Center, Amstei 
Nutritionn Department, Harvard School of Public Ĥ  
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Abstrac t t 
Background Background 
Severall  studies have reported that the cholesteryl ester transfer protein 
(CETP)) TaqlB gene polymorphism is associated with high-density lipoprotein 
cholesteroll  (HDL-c) levels and the risk of coronary artery disease (CAD), but 
thee results are inconsistent. In addition, an interaction has been implicated 
betweenn this genetic variant and pravastatin treatment, but this has not 
beenn confirmed. 

MethodsMethods and Results 
AA meta-analysis was performed on individual patient data from 7 large 
population-basedd studies (each >500 individuals) and 3 randomized placebo-
controlledd pravastatin trials. Linear and logistic regression models were 
usedd to assess the relationship between TaqlB genotype and HDL-c levels 
andd CAD risk, respectively. After adjustment for study, age, sex,, smoking, 
bodyy mass index (BMI), diabetes, LDL-c, use of alcohol, and prevalence of 
CAD,, TaqlB genotype exhibited a highly significant association with HDL-c 
levels,, such that B2B2 individuals had 0.11 mmol/1 (0.10-0.12, p < 0.0001) 
higherr HDL-c levels than B1B1 individuals. Second, after adjustment for 
study,, sex, age, smoking, BMI, diabetes, systolic blood pressure, LDL-c, 
andd use of alcohol, TaqlB genotype was significantly associated with the 
riskk of CAD; OR = 0.78 (0.66-0.93) in B2B2 individuals compared to B1B1 
individualss (p for linearity = 0.0O8). Additional adjustment for HDL-c levels 
renderedd loss of statistical significance (p=0.4). Lastly, no pharmacogenetic 
interactionn between TaqlB genotype and pravastatin treatment could be 
demonstrated. . 

Conclusion Conclusion 
Thee CETP TaqlB variant is firmly associated with HDL-c plasma levels, and 
ass a result with the risk of CAD. Importantly, this CETP variant does not 
influencee the response to pravastatin therapy. 
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Introductio n n 
AA strong inverse relationship exists between high-density lipoprotein 
cholesteroll  (HDL-c) plasma levels and the risk of coronary artery disease 
(CAD).1-22 Cholesteryl ester transfer protein (CETP) plays a central role in 
HDL-cc metabolism by shuttling cholesteryl esters from HDL particles to 
apolipoproteinn B-containing particles in exchange for triglycerides.3-4 A 
commonn polymorphism in intron 1 of the CETP gene, denoted as TaqlB,5 

wass among the first genetic variations to be associated with HDL-C plasma 
levels.66 The less common B2 allele occurs at a frequency of approximately 
40%% and is associated with lower CETP levels, compared to the more 
commonn Bl allele. Since its first description, a relationship between the 
TaqlBB genotype and HDL-c levels and the risk of CAD has been investigated 
inn numerous population-based studies albeit without consistent results. 
Inn addition, a pharmacogenetic interaction has been implicated between 
TaqlBB genotype and pravastatin treatment7 but this observation has not 
beenn found in other studies.8,9 Such inconsistencies are often encountered 
amongg genetic association studies and can be due factors such as genetic 
admixturee or lack of statistical power.10 In this specific case, an alternative 
explanationn may derive from proposed interactions with sex,1112 smoking,813 

bodyy mass index (BMI)1314and use of alcohol,15 all modifiers of CETP 
action,, HDL-c levels, and CAD risk. In view of our recent report about an 
interactionn between CETP plasma levels and triglyceride levels,16 we also 
exploredd a potential interaction between TaqlB genotype and triglyceride 
levels. . 
Wee hypothesized that a meta-analysis could give better insight in the 
relationshipss among the CETP TaqlB genotype, HDL-c levels, and the risk 
off  CAD. However, a conventional meta-analysis does not allow for the 
assessmentt of the interactions mentioned above. We therefore performed 
aa meta-analysis of individual patient data. To circumvent the risk of 
publicationn bias, we only included studies that were likely to be published 
irrespectivee of the results, i.e. randomized controlled trials and large 
population-basedd studies. This approach is likely to yield a less biased result 
andd a more modest effect estimate compared to a meta-analysis that also 
includess small studies.17 Using this criterion, and taking into account the 
obligatoryy presence of CETP TaqlB genotyping data, we were able to analyze 
thee data from a total of 13,677 individuals. 
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Method s s 
LiteratureLiterature search 
Wee identified all published population-based studies published before 
Septemberr 2003 on the CETP TaqlB polymorphism and its association with 
HDL-cc plasma levels and/or the risk of CAD. The literature was scanned 
byy a formal search of the Medline electronic database. The search terms 
weree both MESH terms and (part of) the text words "cholesteryl ester 
transferr protein" or "CETP", in combination with "polymorphism", or 
"mutation",, or "genetics". Reference lists of retrieved articles were scanned 
forr additional potentially relevant publications. Finally, for each retrieved 
publicationn an electronic 'cited reference search' was performed (Web of 
Sciencee version 4.1.1, Institute for Scientific Information 2000, http://www. 
isinet.com/isi/products/citation/wos/),, identifying all papers citing the index 
publication. . 

SelectionSelection criteria 
Thee meta-analysis was limited to population-based studies that included 
moree than 500 individuals. In addition, we included all randomized double-
blindd placebo-controlled trials of pravastatin treatment from which sub-
analysess on the role of the TaqlB polymorphism were performed. To avoid 
populationn admixture due to genetic heterogeneity between races, only 
Caucasiann subjects were used in the analyses. All identified publications 
weree independently evaluated by two investigators for compliance with 
thesee criteria and the results were compared. Disagreements were very 
feww and could be resolved by discussion and rereading of the original 
manuscripts. . 

Datoo collection 
Principall  investigators from all qualifying studies were contacted and 
askedd to provide a database with individual patient data. Variables from 
thee individual databases were made compatible with each other, and 
enteredd into a pooled database. Again, this procedure was performed in 
duplicatee by two independent investigators, the results were compared 
andd disagreements were resolved by consensus. An "HDL database" was 
composedcomposed of all studies that assessed the relationship between TaqlB 
genotypee and HDL-c plasma levels. A "CAD database" was composed of 
alll  studies that assessed the risk of prevalent or incident CAD, and used 
(apparently)) healthy individuals as referent group. A "pravastatin database" 
wass composed of all trials that assessed the efficacy of pravastatin therapy. 

Dataa analysis 
AA fixed-effects linear regression model was used to assess the relationship 
betweenn patient characteristics and HDL-c plasma levels, adjusted for study, 
sexx and age.18 The variables that had a significant association with HDL-c 
plasmaa levels and all two-way interactions between them, were entered into 
aa multivariate linear regression model, and backward stepwise selection 
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wass used to identify the variables that had an independent association 
withh HDL-c plasma levels. A fixed-effects logistic regression model was 
usedd to assess the relationship between patient characteristics and the risk 
off  CAD.19 Odds ratios (OR) with corresponding 95%confidence intervals 
<95%CI)) were calculated for the risk of CAD in B1B2 individuals and B2B2 
individuals,, using B1B1 individuals as reference group. 
Bothh for the outcome HDL-c and for the outcome CAD risk, we tested 
forr interactions between TaqlB genotype and several environmental 
factors.. In order to assess whether we had sufficient statistical power 
too detect interactions of the magnitude that have been reported in the 
literature,, we calculated the magnitude of interactions and corresponding 
95%% confidence intervals using the pooled databases. We investigated 
interactionn between TaqlB genotype (B1B1 individuals versus B2B2 
individuals)) and risk factors as dichotomous variables (men versus women; 
smokerss versus non-smokers; use of alcohol, yes versus no; BMI >27 kg/m2 

versuss < 27 kg/m2; triglycerides >1.7 mmol/1 versus <1.7 mmol/1; pravastatin 
yess versus no). In order to adjust for heterogeneity between studies, all 
regressionn models were adjusted for study number as a fixed factor in the 
model.. In addition, in order to adjust for residual heterogeneity, we also 
employedd hierarchical random-effects models for the outcomes HDL-c 
andd CAD risk with study number as random factor. Additional analyses 
weree performed to assess the consistency between prospective and cross-
sectionall  studies and to investigate whether an additive, recessive or 
dominantt genetic model was the best way to describe the observed data. 
Onlyy individuals with a complete data set were entered in the linear and 
logisticlogistic regression models. A p-value < 0.05 was considered to indicate 
statisticall  significance. Analyses were performed using SPSS version 12.0 
(SPSSS Inc., Chicago, Illinois) and SAS (Sas Institute, Cary, North Carolina) 

Result s s 
Ourr Medline search identified 425 potentially relevant publications. A total 
off  9 population-based studies qualified for inclusion: 4 prospective studies; 
thee Framingham Offspring Study (FOS),20 the Physicians' Health Study 
(PHS),211 the Northwick Park Heart Study (NPHS),22 and the Reykjavik study;23 

andd 5 cross-sectional studies: the European Atherosclerosis Research Study 
(EARS),244 Etude Cas-Témoins de 1'Infarctus du Myocarde (ECTIM),15-2526 the 
Ouluu Project Elucidating Risk of Atherosclerosis (OPERA),11-27 a study 
performedd by Area et al.28 and one performed by Corella et al.29 Databases 
withh individual patient data were obtained from all studies except for the 
FOSS and the study performed by Corella et al.;2029 thus these 2 studies were 
nott included. We identified 3 randomized double-blind placebo-controlled 
trialss of pravastatin treatment, where a sub-analysis had been performed 
onn the role of the TaqlB polymorphism: the Regression Growth Evaluation 
Statinn Study (REGRESS),7 the Cholesterol And Recurrent Events trial (CARE),9 

andd the West of Scotland Coronary Prevention Study (WOSCOPS).8 The 
studyy databases with individual patient data were obtained from all three. 

85 5 



e e 
CU U 
e/) ) 
O* * 
I- I I 
&H H 

a> > 
J3 3 

T3 3 

oo  © 
0// co 

o o 

(-1 1 

ö ö 

T3 3 
P P 

4 -1 1 
C/3 3 

ai i 
V3 3 

ro o 

o o 

aa -2" 
O HH * 

CLL  m 

EE Ë 

ee c. 

©© o 
ee E 

_>.. «o 
cc " o 

aa
a.. (D 

5-- £ 

D D < < 
<< a> 
OO E — 
a>> §"  2 
EE "5 ö » 
CLL  > .E 
oo 8 t : 

$$ 2 a 
oo o © cc C 

EE E 55 S 

ii  i f 
COO CO © 
©© © "SE 

££ £ g 

1== " c *C 
££ £ o 
coo co ' S 
Q.. CL C 

^^  «§"  K 

E E 
o o 
C C 

>> £ 

< < 

QQ ü 

33 3 

**  £ ? 
WW LU _ 
Q.. Q. CO O O 

J22 <5 

££ i 

o o 
r r 
oo _ 
|| | 
cc "c 
££ £ 
i ll  £ 

co o 

££ '5 
55 § 

ccc i2 
EE c ii  £ 
22 £ 

coo  2 

EE 5 
S S 

8. . 

oo o. 

to o 
c c O O 
€ € 
© © 
w w 
CA A 

s s o o 

co o 
c c 
o o 
ts s 
© © 
«A A 
(0 0 
CA A 

S S 
ü ü 

CO O 
c c 
o o 
"S S 
© © 
CO O 

s s 
e e 
o o 

co o 
c c 
o o 
© © 
CA A 
CO O 
CA A 

2 2 
o o 

Ê Ê 
8 8 
co o 
CL L 
CA A 
3 3 
£ £ 
© © 
> > c c 
co o 
CA A 
CO O 
> > 2 2 
CL L 

O O 
1--
o o on on 

8 8 
co o 
CL L 
CA A 
3 3 

e e © © 
> > c c 

eg g 
co o co o 
> > £ £ 
CL L 

O O 
H H 
ü ü 
tv tv 

© © o o 
co o 
CL L 
CA A 
3 3 
£ £ 
© © 
> > c c 

B B 
CA A 
co o 
> > CO O 
CL L 

O O 
j — — 
ü ü 
a a 

en n 
a> > 
To o 
o o 

T3 3 

O O 
X X 

CD D 
CO O 
CD D 
0 0 
CO O 

£r r 
CD D 

- E E 
CO O 

co o 
£Z Z 
O O 

< < 
O O 
c c 
g g 
" o o 

"cö ö 

cö ö 
o o 
o o 
>> > 
E E 
CO O 
CD D 

T3 3 
c c 

CD D 

c c 
o o 
o o 
TJJ C 
CDD O 

'E E 
<u u 
u u 
CO O 

ns s 
4-1 1 
U U 
rH H 
CU U 

-o o 
,rt t H H 

3 3 

(0 0 

3 3 

CO O 

£ £ 
© © 
I I 
"co o 
c c 
co o 
ö ö 
§. . 
c c 
a. . 

co o 
e e 

s s 
X X e e 
co o Ü. . 

3 3 
.c c 
e e 
o o 
z z 

' 5 5 
co o 

2 * * 
>v v 
« « OC C 

2 2 
-- ie 8  & ; 
LUU O LU 

CO O 
CO O 

oc c 

LU U 

LU U 

i i 
CO O 
Q. . 
O O 
O O 
to o 
O O 
5 5 

T3 3 
C C 
co o 
co o 
CD D 
CO O 
O O 
o o 
r r 
— — 

c c 
CO O 
O) ) 

O O 
£ £ 
CO O 
CD D 
X X 
T3 3 

\-\- -c 
O O 
CC CC 

o o 
£ £ 

86 6 



Thee characteristics of the selected studies are summarized in table 1. 
Fourr studies matched a referent group to the cases: PHS, WOSCOPS (both 
age-- and smoking-matched), ECTIM and EARS (both age-matched). The 
patientt characteristics of the individual studies are summarized in table 
2.. In all individual studies, the genotype distributions were within the 
expectedd range according to Hardy-Weinberg equilibrium. Figure 1 shows 
thee relationship between TaqlB genotype and HDL-c levels for each of the 
includedd studies. Figure 2 shows the relationship between TaqlB genotype 
andd CAD risk for each of the included studies. 

PooledPooled databases 
Thee HDL database comprised 13,677 individuals from the following studies: 
REGRESS,, CARE, WOSCOPS, PHS, ECTIM, OPERA, EARS, NPHS, Reykjavik, 
andd Area et al. The Reykjavik study (diabetes and use of alcohol) and the 
studyy by Area et al. (use of alcohol) did not record all risk factors used in 
thee fully adjusted models. These two studies were therefore excluded from 
thee fully adjusted models, which now included a total 11,751 individuals. 
Thee CAD database comprised 8,815 individuals from the following studies: 
PHS,, ECTIM, OPERA, NPHS, WOSCOPS, Reykjavik, and Area et al. Again, 
thee Reykjavik study and the one by Area et al. were excluded from the 
fullyy adjusted models, which now included a total 6,889 individuals. 
Thee pravastatin database comprised 5,691 individuals randomized in 
thee following placebo-controlled pravastatin trials: REGRESS, CARE, and 
WOSCOPS.. The baseline characteristics of the pooled databases used for the 
analysess are summarized in table 3. 

CETPCETP TaqlB genotype and HDL-C plasma levels 
Adjustingg for study, sex and age, TaqlB genotype was significantly 
associatedd with HDL-C plasma levels (p<0.0001). Mean HDL-c levels were 
1.055 , 1.08 ) and 1.1 ) mmol/1 inn B1B1, B1B2 and B2B2 
individuals,, respectively. Among men, the respective values were 1.02 

,, 1.05 , and 1.12 ) mmol/1, and among women they were 
1.266 , 1.32 , and 1.41 ) mmol/1. Other variables that had 
aa significant association with HDL-c plasma levels (adjusted for study, sex 
andd age) were smoking, diabetes, prevalence of CAD, BMI, total cholesterol, 
LDL-c,, (log-transformed) triglycerides, and use of alcohol (pO.0001 for 
each).. TaqlB genotype (adjusted for study, sex and age) was also significantly 
associatedd with total cholesterol (p=0.01) and (log-transformed) triglyceride 
levelss (p = 0.02), so we did not adjust for these variables in subsequent 
analysess in this section. Mean total cholesterol levels for B1B1, B1B2, and 
B2B22 individuals were 5.75 , 5.77 , and 5.82 ) mmol/1 and 
meann triglyceride levels were 1.83 , 1.80 (  1.02), 1.79 ) mmol/1, 
respectively. . 
Afterr adjustment for study, sex, age, BMI, diabetes, smoking, LDL-c, and use 
off  alcohol, TaqlB genotype still exhibited a highly significant association 
withh HDL-c both among cases and among people without CAD. No 
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Tablee 2. Characteristics of study samples included in the meta-analysis 

Subjects s 

Age-yr r 

Malee sex 

Smoking g 

Systolicc BP - mmHg 

Diastolicc BP - mmHg 

Bodyy mass index - kg/m2 

Diabetes s 

Totall cholesterol - mmol/l 

LDLL cholesterol - mmol/l 

Triglyceridess - mmol/l 

HDLL cholesterol - mmol/l 

Alcoholl use 

Coronaryy artery disease* 

Pravastatinn allocation** 

TaqlBB genotype 

-B1B1 1 

-B1B2 2 

-B2B2 2 

TaqlBB allele frequency 

-B1 1 

-B2 2 

PHS S 

ooo o 

8 8 

5666 (100.0) 

877 (15.4) 

2 2 

7 7 

25.33 2 

222 (3.9) 

5.77 0 

3.66 9 

1.7(1.1-2.5) ) 

1.22 3 

4111 (72.6) 

00 (0.0)* 

1822 (32.2) 

2966 (52.3) 

888 (15.5) 

0.583 3 

0.417 7 

NPHS S 

1,713 3 

566 3 

1,713(100.0) ) 

4544 (26.5) 

1388 9 

844 1 

26.44  3.4 

19(1.1) ) 

5.77 0 

3.11 0 

1.7(1.2-2.5) ) 

0.88  0.3 

1398(81.6) ) 

00 (0.0)* 

500500 (29.2) 

8966 (52.3) 

317(18.5) ) 

0.553 3 

0.447 7 

Reykjavi k k 

1,134 4 

744 5 

1,134(100.0) ) 

2111 (18.6) 

1499  23 

855 1 

26.44  3.9 

NA A 

5.99 1 

4.11 0 

1.2(0.9-1.6) ) 

1.11 3 

NA A 

NA A 

3288 (28.9) 

5966 (52.6) 

210(18.5) ) 

0.552 2 

0.448 8 

ECTIM M 

2,490 0 

555 8 

1,973(79.2) ) 

1042(418) ) 

1311 2 

800 2 

26.99  4.2 

2088 (8.4) 

5.99 1 

3.99 0 

1.6(1.2-2.3) ) 

1.22 4 

1717(69.0) ) 

8455 (33.9) 

1,236(49.6) ) 

409(16.4) ) 

0.588 8 

0.412 0.412 

Dataa are presented as mean +SD, n (%), or median (interquartile range). BP 
indicatess blood pressure. * indicates presence of coronary artery disease at 
baselinee (in prospective studies); ** indicates allocation to pravastatin treatment in 
randomizedd controlled trials; NA indicates not available. Due to missing data, means, 
percentagess and medians may be based on fewer observations than the indicated 
numberr of subjects. 

significantt interaction was observed between CAD prevalence and TaqlB 
genotypee for HDL-c levels so people with and without CAD were combined. 
Inn the combined dataset, adjusting for study, sex, age, BMI, diabetes, 
smoking,, LDL-c, use of alcohol, and in addition CAD prevalence, B1B2 
individualss had 0.04 mmol/l (0.03-0.05, p<0.0001) higher HDL-c levels, and 
B2B22 individuals had 0.11 mmol/l (0.10-0.12, p<0.0001) higher HDL-c levels, 
comparedd to B1B1 individuals. There was no significant heterogeneity 
betweenn the studies for the relationship between TaqlB genotype and HDL-c 
levelss (p = 0.9). There was, however, significant heterogeneity between the 
studiess for absolute HDL-c levels but when we adjusted for this in a random 
effectss model, the results were similar as in the fixed effects model: HDL-c 
levelss were 0.04 mmol/l (0.03-0.05, p<0.0001) higher among B1B2 individuals 
andd 0.11 mmol/l (0.10-0.12, p<0.0001) higher among B2B2 individuals than 
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OPERA A 

524 4 

511 6 

2599 (49.4) 

1744 (33.2) 

1411 1 

2 2 

26.44 0 

8(1.5) ) 

5.77 1 

3.55  1.0 

1.2(0.9-1.6) ) 

1.44 4 

4322 (82.4) 

168(32,1) ) 

2566 (48.9) 

100(191) ) 

0.565 0.565 

0.435 5 

EAR» » 

767 7 

233 3 

7677 (100.0) 

1966 (25.6) 

1188 1 

744 0 

23.33 9 

00 (0.0) 

4,44 8 

2.88  0.6 

0.9(0.7-1.1) ) 

1,22 2 

6977 (90.9) 

2377 (30.9) 

3800 (49.5) 

150(19.6) ) 

0.557 7 

0.443 3 

Areaa etat . 

792 2 

599 1 

5188 (65.4) 

278(35.1) ) 

8 8 

9 9 

26.33 9 

677 (8.5) 

5.66 2 

3.66 0 

1.7(1.2-2.2) ) 

1.22 4 

NA A 

284(35.9) ) 

3699 (46.6) 

139(17.6) ) 

0.592 2 

0.408 8 

B O Ï O C C C C 

706 6 

8 8 

706(100.0) ) 

1955 (27.6) 

8 8 

811 0 

26.00 7 

00 (0.0) 

6.00 9 

4.33  0.8 

1.7(1.2-2.3) ) 

0.99 2 

507(71.8) ) 

706(100.0)* * 

3577 (50.6) 

256(36.3) ) 

3355 (47.5) 

1155 (16.3) 

0.600 0 

0.400 0 

CARE E 

3,389 9 
9 9 

2,9366 (86.6) 

5288 (15.6) 

1299  18 

788 0 

27.44 3 

4311 (12.7) 

5.44  0.4 

3.66  0.4 

1.6(1.3-2.2) ) 

1.00  0.2 

14855 (43.8) 

3,389(100.0)* * 

1715(50.6) ) 

1,1211 (33.1) 

1693(50.0) ) 

5755 (15,0) 

0.581 1 

0.419 9 

WOSCOPS S 

1,596 6 

5 5 

1,596(100.0) ) 

8677 (54.3) 

1377 7 

0 0 

25.88 2 

23(1.4) ) 

7.00 6 

5.00 4 
1.7(1.3-2.3) ) 

1.11 2 

1,297(81.3) ) 

00 (0.0)* 

7633 (47.8) 

500(31.3) ) 

7977 (49.9) 

2999 (18.7) 

0.563 3 

0.437 7 

inn B1B1 individuals. The relationship between the number of B2 alleles and 
HDL-cc levels deviated significantly from linearity (p = 0.002). Given this 
observationn and the absolute HDL-c differences observed in B1B2 and B2B2 
individualss compared to B1B1 individuals, we conclude that B2 
homozygosityy has a higher penetrance than heterozygosity. 
Subsequently,, we tested for gene-environment interactions between TaqlB 
genotypee and several risk factors that have been previously reported to 
showw an interaction with TaqlB genotype: sex, BMI, smoking and use of 
alcohol.. In addition, we tested for an interaction with triglyceride levels. 
Significantt interactions with TaqlB genotype (B2B2 versus B1B1 individuals) 
weree identified for both sex and smoking (p = 0.02 for each), such that the 
relationshipp was attenuated among men and among smokers (table 4). The 
adjustedd HDL-c difference in B2B2 individuals relative to B1B1 individuals 
wass 0.16 mmol/1 (0.10-0.22) among women and 0.10 mmol/1 (0.09-0.12) 
amongg men. The corresponding values were 0.11 mmol/1 (0.09-0.13) and 0.09 
mmol/11 (0.06-0.12) among non-smokers and smokers, respectively. These 
interactionss were no longer statistically significant when we adjusted for 
thee testing of multiple hypotheses. We did not observe a significant 
interactionn between TaqlB genotype and any other variable. 
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Tablee 3. Characteristics of pooled study databases used for the present 

meta-analysis s 

Databas e e 

Subjects s 

Age-yr r 

Malee sex 

Smoking g 

Systolicc blood pressure -

Diastolicc blood pressure -

Bodyy mass index 

Diabetes s 

Totall cholesterol

LDLL cholesterol -

HDLL cholesterol -

-- kg/m2 

mmol/l l 

mmol/l l 

mmol/l l 

Triglyceridess - mmol/l 

Alcoholl use 

Coronaryy artery disease* 

Genotypee frequency 

-B1B1 1 

-B1B2 2 

-B2B2 2 

Allelee frequency 

-B1 1 

-B2 2 

mmHg g 

mmHg g 

HDL L 

13,677 7 

566 2 

12,168(89.0) ) 

4,0322 (29.5) 

1333 0 

811 1 

26.44  3.9 

7788 (6.2) 

5.88 1 

3.88 0 

1.11 3 

1.5(1.1-2.2) ) 

7,9444 (67.7) 

4,4211 (32.3) 

6,854(50.1) ) 

2,402(17.6) ) 

0.574 4 

0.426 6 

CAD D 

8,815 5 

599 9 

7,7599 (88.0) 

3,113(35.3) ) 

1366 1 

822 1 

26.33  3.8 

3477 (4.5) 

6.00 1 

3.99 1 

1.11 4 

1.6(1.1-2.2) ) 

5,2555 (76.5) 

2,807(31.8) ) 

4,4466 (50.4) 

1,562(17.7) ) 

0.571 1 

0.429 9 

Pravastati n n 

5,691 1 

8 8 

5,2388 (92.0) 

15900 (27.9) 

1322 8 

800 0 

26.88  3.9 

4544 (8.0) 

5.99  0.9 

4.11 8 

1.00 2 

1.7(1.3-2.2) ) 

3,2899 (57.9) 

4,0955 (72.0) 

1,877(33.0) ) 

2,8255 (49.6) 

989(17.4) ) 

0.578 8 

0.422 0.422 

Dataa are presented as mean +SD, n (%), or median (interquartile range). * indicates 
presencee of coronary artery disease at baseline (in prospective studies). Because 
somee variables were not available in all studies, means or percentages may be 
basedd on fewer observations than the indicated number of subjects. 

CETPP TaqlB genotype and the risk of CAD 
Whenn we adjusted for study number, sex and age, the TaqlB genotype was 
significantlyy associated with the risk of CAD (p for linearity = 0.001). The OR 
forr CAD was 0.93 (0.84-1.04, p = 0.2) in B1B2 individuals and 0.77 (0.66-0.89, 
pp = 0.001) in B2B2 individuals, compared to B1B1 individuals. Other 
significantt predictors of the risk of CAD were smoking, diabetes, BMI, 
systolicc and diastolic blood pressure, total cholesterol, LDL-c, HDL-c, (log-
transformed)) triglyceride levels, and the use of alcohol. Because TaqlB 
genotypee was associated with HDL-c and (log-transformed) triglyceride 
levels,, we did not adjust for these variables in the subsequent analysis in 
thiss section. 
Afterr adjustment for study, sex, age, smoking, diabetes, BMI, systolic blood 
pressure,, LDL-c, and use of alcohol, TaqlB genotype was still significantly 
associatedd with a lower risk of CAD; OR = 0.95 (0.83-1.07) in B1B2 individuals 
andd OR = 0.78 (0.66-0.93) in B2B2 individuals, compared to B1B1 individuals 
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(pp for linearity = 0.008). Upon additional adjustment for HDL-c, this 
associationn was considerably attenuated and became statistically non-
significant;; OR = 1.04 (0.90-1.19) in B1B2 individuals and OR = 0.92 (0.77-1.11) 
inn B2B2 individuals, compared to B1B1 individuals (p for linearity = 0.4). 
Theree was no significant heterogeneity between the studies for the 
relationshipp between TaqlB genotype and CAD risk (p = 0.8). There was 
significantt heterogeneity between the studies for the absolute CAD risk but 
whenn we adjusted for this in the random effects model, the point estimates 
weree similar as in the fixed effects model. However, the 95%CIs were 
importantlyy narrower causing the risk estimate for B1B2 individuals to 
becomee significant; OR = 0.96 (0.92-0.99, p = 0.03) in B1B2 individuals and 
ORR = 0.82 (0.75-0.91, p<0.0001) in B2B2 individuals, compared to B1B1 
individuals. . 
Thee relationship between the number of B2 alleles and CAD risk did not 
deviatee significantly from linearity (p = 0.3). This implies that an additive 
modell  and not a dominant or recessive one, is the best genetic model to 
describee the data. In order to assess the consistency between cross-sectional 
andd prospective studies, we excluded the cross-sectional studies and 
retainedd only the prospective studies. The point estimates did not change 
substantiallyy (OR = 0.97, 0.79-1.21, in B1B2 individuals and OR = 0.79, 0.59-
1.055 in B2B2 individuals) but due to the loss of statistical power the 
confidencee intervals widened and now included unity (p = 0.1). As described 
abovee for the outcome HDL-c, we tested whether gene-environment 
interactionss existed between TaqlB genotype and traditional risk factors for 
thee outcome CAD risk. No significant interaction terms were observed. As 
forr HDL-c levels, smoking again appeared to attenuate the relationship 
betweenn TaqlB genotype and CAD risk but this interaction was not 
statisticallyy significant (p = 0.2). 

RelationshipRelationship between CETP TaqlB genotype and the efficacy of pravastatin therapy 
Inn the pravastatin database, pravastatin significantly reduced the risk of 
incidentt CAD; OR = 0.68 (0.58-0.78), p<0.0001. In this database, TaqlB 
genotypee was not significantly associated with CAD risk; OR= 1.06 (0.90-1.25) 
inn B1B2 individuals and OR=0.93 (0.74-1.16) in B2B2 individuals, relative to 
B1B11 individuals (p = 0.5). No significant interaction was observed between 
TaqlBB genotype and pravastatin therapy (p = 0.7). 

Discussio n n 
Inn this meta-analysis, we observed that after adjustment for study, age, sex, 
smoking,, BMI, diabetes, LDL-c, use of alcohol, and prevalence of CAD, the 
TaqlBB variant in the CETP gene still exhibited a highly significant 
associationn with HDL-c levels (p<0.0001). In quantitative terms, B2B2 
individualss had 0.11 mmol/1 (0.10-0.12, p<0.0001) higher HDL-c than B1B1 
individuals.. Second and most importantly, we observed that after 
adjustmentt for study, sex, age, smoking, BMI, diabetes, systolic blood 
pressure,, LDL-c, and use of alcohol, the CETP genotype was significantly 
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Figuree 1. HDL-c levels according to TaqlB genotype in individual studies 
Stud yy B2B2 vs B1B1 B1B1 B1B2 B2B2 
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Graphicall representation of the absolute HDL-c difference between B2B2 versus 
B1B11 individuals. Mean  SD levels of HDL-c, and the number of observations in 
parenthesess are shown for B1B1, B1B2, and B2B2 individuals. The data shown here 
aree defined by the inclusion criteria of the current meta-analysis, and are the data 
usedd in the meta-analysis. Thus, these data may differ from those in the original pub
lication,, for instance because the current meta-analysis was restricted to Caucasians 
only. . 

associatedd with the risk of CAD; OR = 0.78 (0.66-0.93) in B2B2 individuals, 
comparedd to B1B1 individuals (p for linearity = 0.008). Finally, we could 
eliminatee the notion of a significant interaction between TaqlB genotype 
andd pravastatin in reducing the risk of cardiovascular events. 
Sincee the discovery of CETP as a modulator of HDL-c levels, there has been 
muchh speculation about its role in human atherogenesis.430 Because of its 
highh frequency among Caucasians, and based on some reports of a strong 
associationn with HDL-c, the TaqlB variant in the CETP gene has played a 
prominentt role in the genetic association studies investigating the 
relationshipp between CETP activity, lipids and CAD risk. This variant, 
locatedd in intron 1, has been suggested to act as a marker for a functional 
C>AA polymorphism in the promoter region of the CETP gene, located 629 
basee pairs upstream from the transcription start site.31 This -629C>A 
variantt has been shown to directly affect CETP promoter activity.32 However, 
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Figuree 2. Odds ratios for CAD according to TaqlB genotype in individual studies 

Studyy B2B2vsB1B1 B1B1 B1B2 B2B2 

Physicians'' Health21 
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10.0(10/100)) 6.3(16/256) 7.1(12/168) 
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28.44 (444/1,562) 32.7 (1,439/4,446) 34.7 (974/2,807) 

— I — — 
0.2 2 

Graphicall representation of the odds ratio for CAD among B2B2 compared to B1B1 
individuals.. For each study, percentages of individuals with CAD, and the numbers 
off cases and controls in parentheses are shown for B1B1, B1B2, and B2B2 individu
als.. The data shown here are defined by the inclusion criteria of the current meta
analysis,, and are the data used in the meta-analysis. Thus, these data may differ 
fromm those in the original publication, for instance because the current meta-analysis 
wass restricted to Caucasians only. 

nott all studies are consistent with this.23 Since almost complete linkage 
disequilibriumm exists between the TaqlB and -6290A gene variants31 and 
becausee of the extent of the data available on TaqlB and not on -6290A, 
thee first is, at present, the best candidate for a meta-analysis. 

TaqlBTaqlB genotype, HDl-c levels and risk of CAD 
Thee results of the present meta-analysis support a strong relationship 
amongg the TaqlB variant, HDL-c levels, and CAD risk. Of note, two studies 
thatt qualified for inclusion in our meta-analysis but from which the data 
couldd not be obtained, both reported a significant relationship with CAD 
thatt is consistent with the present results.20-29 In other words, it is unlikely 
thatt additional inclusion of these two studies would have affected the 
evidentt relationship between TaqlB genotype and CAD risk. 
Wee observed that the significant association between TaqlB genotype and 
CADD risk was substantially attenuated upon adjustment for HDL-c levels, 
suggestingg that the association between TaqlB genotype and CAD risk is 
largelyy mediated through HDL-c levels. However, the risk estimate did not 
completelyy return to unity (OR = 0.92, 0.77-1.11), so this observation does 



nott confirm an association between CETP genotype and CAD risk 
independentt of HDL-c levels, nor does it rule out a small residual 
association.. Such a relationship between CETP genotype and CAD risk 
independentt of HDL-c levels would be consistent with several previous 
studies.727333 The inconsistency with our results may derive from the fact 
thatt these studies assessed different CETP variants,2733 used surrogate 
markerss of CAD,727 or studied individuals with prevalent CAD.733 

EffectEffect modification by environmental factors 
Wee investigated whether our pooled dataset provided any evidence for the 
publishedd interactions between TaqlB genotype and sex,1112 smoking,813 

BMI,13144 and use of alcohol.15 The current meta-analysis provides some 
evidencee that interactions exist for both sex and smoking (p = 0.02 for 
each),, such that the effect of TaqlB genotype on HDL-c levels was attenuated 
amongg men and among smokers. However, these observations must be 
interpretedd with caution because of the multitude of interaction terms 
testedd in this analysis. In addition, the assessment of the TaqIB*smoking 
interactionn may have been influenced by the fact that two large studies 
includedd controls that were matched to CAD cases based on smoking 
habit.88 21 Effects of smoking on HDL-c plasma levels are well-established34 

butt studies that investigated whether these effects are related to CETP 
activityy have not yielded consistent results; smoking has been reported to 
reducee CETP activity,35 to increase CETP activity in diabetics,36 and to have 
noo effect on CETP activity.37 These inconsistencies may derive from 
differencess between the study samples or from differences between the 
complexx CETP activity assays that were used. The significant TaqIB*sex 
interactionn observed in this meta-analysis is consistent with a publication 
fromm the OPERA study (which was included in this meta-analysis) 
suggestingg that the relationship between TaqlB genotype and HDL-c levels 
iss stronger in women." The regression coefficient of the significant 
TaqIB*sexx interaction in OPERA was 0.148 which is substantially larger than 
thee one calculated in our pooled database but the 95% confidence intervals 
overlapp so the results are compatible with each other. It is also consistent 
withh the observation that the relationship between two other CETP variants 
inn almost complete linkage disequilibrium with TaqlB (A373P and R451Q) 
andd CAD risk is stronger among women not receiving hormone 
replacementt therapy than in men.38 However, in this study the interaction 
termm was not statistically significant. Our observation is not consistent with 
aa study which suggested that the TaqIB-HDL-c relationship was stronger in 
men122 but this study was performed among Japanese whereas the current 
meta-analysiss was restricted to Caucasians. 
Inn addition to smoking and male sex, obesity, visceral fat accumulation and 
hyperinsulinaemiaa have also been reported to blunt the effect of TaqlB 
genotypee on HDL-c levels.1314 In the current analysis, we were only able to 
studyy an interaction with BMI, which we did not detect. Given the fact that 
thee interactions described in the literature were of greater magnitude than 



Tablee 4. Interaction between TaqlB genotype and risk factors 
Regressio nn coefficient s P Interactio n 

Menn Women 

HDL-c c 

CAD D 

HDL-c c 

CAD D 

HDL-c c 

CAD D 

HDL-c c 

CAD D 

HDL-c c 

CAD D 

HDL-c c 

CAD D 

0.1011 (0.009) 

-1.153(0.071) ) 

Usee of alcohol 

0.112(0.011) ) 

0.3899 (0.097) 

BMI>27kg/m2 2 

0.108(0.012) ) 

0.4122 (0.130) 

Smokers s 

0.0877 (0.009) 

0.2233 (0.122) 

Triglyceridess > 1.7 mmol/l 

0.100(0.011) ) 

0.236(0.116) ) 

Pravastatin n 

0.0977 (0.013) 

0.1433 (0.174) 

0.170(0.034) ) 

-1.078(0.205) ) 

Noo use of alcohol 

0.0833 (0.014) 

0.053(0.156) ) 

BMII < 27 kg/m2 

0.1011 (0.012) 

0.2366 (0.106) 

Non-smokers s 

0.112(0.009) ) 

0.353(0.112) ) 

Triglyceridess < 1.7 mmol/l 

0.0877 (0.012) 

0.318(0.119) ) 

Noo pravastatin 

0.1111 (0.013) 

-0.0533 (0.146) 

0.02 2 

0.1 1 

0.1 1 

0.07 7 

0.7 7 

0.3 3 

0.02 2 

0.4 4 

0.4 4 

0.6 6 

0.5 5 

0.4 4 

-0.0699 (-0.140-0.000) 

0.0755 (-0.350-0.200) 

0.0299 (-0.006-0.064) 

0.3366 (-0.024 - 0.696) 

0.0077 (-0.026 - 0.040) 

0.1766 (-0.153-0.505) 

-0.0255 (-0.050 - 0.000) 

-0.1322 (-0.457-0.192) 

0.0133 (-0.019-0.045) 

-0.0822 (-0.408 - 0.244) 

-0.0144 (-0.050 - 0.022) 

0.0900 (-0.355 - 0.535) 

Thee table presents regression coefficients (standard error) for the differences in 
HDL-cc and CAD risk between B2B2 individuals and B1B1 individuals. P-value for 
interactionn between TaqlB genotype (B2B2 versus B1B1) and several risk factors 
forr the outcome HDL-c and CAD risk. The last column contains the interaction term 
andd corresponding 95% confidence interval calculated in the appropriate pooled 
database. . 

thee detectable effect size shown in table 4, we conclude that an interaction 
betweenn TaqlB genotype and BMI is unlikely. In the ECTIM study, an 
interactionn was observed between the use of alcohol and TaqlB genotype for 
bothh HDL-c levels and CAD risk.15 We observed a strong trend towards an 
interactionn between TaqlB genotype and use of alcohol for HDL-c levels (p = 
0.07).. However, it must be kept in mind that the interaction observed in the 
ECTIMM study was dose-dependent and strongest in heavy drinkers. Because 
mostt studies included in this meta-analysis did not record alcohol 
consumptionn in a detailed manner, we were not able to differentiate 
betweenn moderate and heavy drinkers and were therefore forced to study 

95 5 



alcoholl  consumption as a dichotomous variable, which may have 
attenuatedd our power to detect such an interaction. 
Inn addition to the environmental factors mentioned above which have been 
reportedd to interact with TaqlB genotype, we also studied a potential 
interactionn with triglyceride levels. Triglycerides, which are substrates for 
CETP,, are known to affect CETP metabolism.39 In fact, we have recently 
reportedd an interaction between CETP plasma levels and triglycerides such 
thatt the risk of future CAD increased with increasing CETP levels but only 
amongg individuals with high triglyceride levels.16 However, an interaction 
betweenn TaqlB genotype and triglyceride levels has never been reported, 
andd we did not observe one in the current analysis either. 

InteractionInteraction between TaqlB genotype and efficacy of pravastatin therapy 
Thee original description of a pharmacogenetic interaction between TaqlB 
genotypee and pravastatin efficacy was based on angiographic progression of 
coronaryy atherosclerosis as outcome,7 and is therefore not comparable with 
ourr analyses which used HDL-c levels and CAD events as outcome. The only 
studyy ever to observe a pharmacogenetic interaction for clinical CAD events 
wass published recently (and after the closure of our database) but the effect 
off  TaqlB genotype on statin efficacy was opposite from that expected based 
onn the angiographic trial.40 The interaction term between TaqlB genotype 
(B2B22 versus B1B1) and statin use described in that study was 0.285 (-0.160 -
0.730)) which is substantially larger than the one observed in our meta-
analysiss although confidence intervals overlap; 0.090 (-0.355 - 0.535). We 
concludee that a clinically relevant interaction for cardiovascular events 
doess not exist between pravastatin and TaqlB genotype. It warrants 
mentioningg that two of the three studies were secondary prevention trials79 

whichh may have had limited statistical power to detect an effect on 
cardiovascularr events because both the CAD group and the control group 
consistedd of CAD patients; the difference was defined by the incidence of a 
recurrentt cardiovascular event during follow-up. However, an effect of 
TaqlBB genotype on pravastatin efficacy was also not observed in WO SCOPS, 
whichh only enrolled patients who were free of clinical CAD. 

Considerations Considerations 
Anyy meta-analysis carries the risk of publication bias caused by the fact 
thatt small studies with positive results are more likely to be published than 
thosee with negative results. Therefore, a meta-analysis of large studies wil l 
generallyy yield more conservative results than a meta-analysis of all 
publishedd studies.17 In the current meta-analysis we therefore only included 
studiess that are likely to be published irrespective of the results, i.e. sub-
analysess of randomized controlled trials and large population-based 
studies. . 
Anotherr drawback of any meta-analysis is the heterogeneity between the 
includedd studies in terms of the genetic structure of the studied samples, 
distributionn of other cardiovascular risk factors, and CAD outcome 
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definitions.. First, in order to reduce the potential for population 
admixture,, we restricted our analysis to Caucasians. Indeed, the allele 
frequenciess of the studied samples were very similar (table 2). Second, in 
orderr to reduce the possibility that differential risk factor distributions 
wouldd affect our results, we performed our analysis on individual patient 
dataa which gave us the possibility to adjust for potential interacting or 
confoundingg variables. Finally, we adopted the outcome definitions used in 
eachh study, which included MI by various definitions, and CAD by various 
definitions,, including both fatal and non-fatal events. This heterogeneity of 
outcomee definitions is likely to have introduced random error which may 
onlyy lead to an underestimation of the real effect. 

Conclusion Conclusion 
Inn summary, the CETP TaqlB genotype was strongly associated with HDL-c 
levelss and with the risk of CAD. B2B2 individuals had 0.11 mmol/1 higher 
HDL-cc plasma levels, and consistently, a 20% lower risk of CAD than B1B1 
individuals.. The relationship between TaqlB genotype and CAD risk was 
substantiallyy attenuated upon adjustment for HDL-c levels, suggesting that 
thee association between TaqlB genotype and CAD risk is largely mediated 
throughh HDL-c plasma levels. Our observation that individuals with 
geneticallyy determined lower CETP levels have a substantially lower risk of 
CAD,, supports further exploration of the potential benefits of 
pharmacologicall  inhibition of CETP activity. 
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