
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


Molecularr variation at the 
apolipoproteinn B gene locus in 
relationn to lipids and cardiovascular 
disease;; a systematic meta-analysis 

S.. Matthijs Boekholdt, Ron J.G. Peters, Katerina Fountoulaki, 
Johnn J.P. Kastelein, Eric J.G. Sijbrands 

Departmentss of Cardiology and Vascular Medicine, Academic 
Center,, Amsterdam, The Netherlands 
Departmentt of Internal Medicine, Erasmus Medical Cent 
Rotterdam,, The Netherlands 
Departmentt of Internal Medicine, University Hospi 
Greece e 

HumanHuman Genetics 2003;113:417425 



Abstrac t t 
Rationale Rationale 
Apolipoproteinn B (apoB) is the sole protein component of low-density 
lipoproteinn (LDL) and is thought to play an important role in atherogenesis. 

MethodsMethods and Results 
Wee performed a meta-analysis of the associations between the three most 
frequentlyy investigated polymorphisms (Xbal, signal peptide insertion 
// deletion, EcoRI) in the apolipoprotein B (APOB) gene, lipid parameters 
andd the risk of ischemic heart disease (IHD). We restricted our analysis to 
Caucasians.. Homozygotes for the Xbal X+ allele had significantly elevated 
levelss of LDL cholesterol (LDL-C) and apoB but a decreased risk (OR=0.80; 
95%CI:: 0.66 to 0.96) of ischemic heart disease (IHD). Homozygosity for the 
signall  peptide deletion allele was associated with similarly increased levels 
off  LDL-C and apoB, and with an increased risk of IHD (OR=1.30; 95%CI: 1.08 
too 1.58). Subjects homozygous for the rare EcoRI allele had significantly 
decreasedd levels of total and LDL cholesterol, but unaltered risk of IHD. 

Conclusion Conclusion 
Wee conclude that all three polymorphic apoB sites are associated with 
alteredd lipid levels but not necessarily with a consistently altered risk 
off  IHD. These data suggest that the relationship between apoB levels, 
hypercholesterolemiaa and IHD risk cannot have a simple molecular basis in 
thee apoB gene. 
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Backgroun d d 
Elevatedd plasma levels of low-density lipoprotein cholesterol (LDL-C) 
aree associated with an increased risk of coronary artery disease.1 

Apolipoproteinn B (apoB) is the sole protein component of this particle, 
andd plasma levels of apoB are also associated with cardiovascular disease. 
Indeed,, evidence is accumulating that apoB may be a better risk indicator 
forr cardiovascular events than LDL-C.2 In a large survey of 175,553 subjects, 
thee apoB concentration was associated with the risk of fatal myocardial 
infarctionn even after adjustment for total cholesterol.3 LDL<1 levels are less 
predictivee of cardiovascular events in patients treated with statin therapy. 
Hence,, apoB-guidance of statin treatment may more accurately predict the 
effectt on cardiovascular risk.2,4 

Severall  mechanisms may explain the role of apoB in atherogenesis. ApoB 
servess as the ligand for LDL-receptor mediated clearance of LDL. Mutations 
inn the APOB gene cause a rare dominant disorder, familial defective 
apolipoproteinn B-100, which is characterized by elevated LDL-C levels 
andd an increased risk of ischemic heart disease (IHD). These rare genetic 
variantss cannot explain the variation of apoB in the general population. 
Lesss penetrant but more prevalent variants could have a much larger 
population-attributablee effect. As a consequence, a plethora of studies 
havee assessed a wide variety of APOB polymorphisms with inconsistent 
results,, possibly due to the lack of adequate statistical power, selection 
bias,, population diversity, or genetic admixture.5 A meta-analysis may 
avoidd some of these methodological difficulties. Therefore, we performed 
aa systematic meta-analysis of population-based studies investigating APOB 
polymorphismss and their association with either lipid parameters or the 
riskrisk of IHD. 

Method s s 
LiteratureLiterature search 
Wee identified all population-based studies of APOB polymorphisms and 
theirr association with lipid parameters and the risk of IHD. The literature 
wass scanned by a formal search of MEDLINE electronic database. Search 
termss that were used were both MESH terms and (part of) the text words 
"acutee coronary syndromes", or "myocardial infarction", or "coronary 
arteryy disease", or "ischemic heart disease", in combination with 
"apolipoproteinn B", in combination with "polymorphism", or "mutation", 
orr "genetics". The search results were subsequently limited to "human" and 
"Englishh language". Reference lists of retrieved articles were scanned for 
additionall  potentially relevant publications. In addition, for each retrieved 
publicationn an electronic 'cited reference search' was performed (Web of 
Sciencee version 4.1.1, Institute for Scientific Information 2000), identifying 
alll  papers citing the index publication. 
Wee checked whether all generated data described in the Methods section 
weree reported in the Results section of each paper. If obtained data were 
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nott shown in the article, the principal investigator was contacted and 
askedd to provide the data. Authors were also contacted in case of a potential 
patientt overlap between publications. 

SelectionSelection criteria 
Itt was our aim to reduce publication bias by contacting investigators to 
requestt unpublished data. Because it is virtually impossible to obtain 
unpublishedd data from studies published more than 10 years ago, we 
restrictedd our analysis to articles published after 1992. Extension of this 
periodd to before 1992, would result in the inclusion of many studies with 
incompletee data (data not available digitally, only in old digital format, 
investigatorr moved, retired, etc.), and would thus introduce publication 
bias.. Only full-length articles in peer review journals were included if 
publishedd between 1992 and January 2002. We limited our analysis to 
thee three most extensively studied APOB polymorphisms, i.e. the Xbal, 
signall  peptide insertion / deletion, and EcoRI polymorphisms. Moreover, 
wee restricted our analysis to studies performed in Caucasian populations 
becausee genotype distributions may differ substantially between different 
ethnicities.66 If ethnicity was not explicitly reported, studies were also 
includedd if they were performed in European and Australian populations. 
Dataa on subjects from other countries were excluded, as were data from 
articless in which ethnicity and the country were not reported. 
Studiess were included if (I) they reported the prevalence of one of these 
polymorphismss in at least one group of patients with IHD and in an 
appropriatee group of population-based controls without cardiovascular 
disease,, representative for the population from which the cases were 
recruited,, or (II) they reported data on both an APOB polymorphism and 
aa lipid parameter in a sample of unrelated individuals. We limited our 
analysiss to the following 4 plasma lipid parameters: total cholesterol (TC), 
triglycerides,, LDL-C, and apoB. IHD was defined as (I) myocardial infarction, 
(II)) unstable angina, (III) stable angina, or (IV) angiographic evidence 
off  coronary artery disease. Data on subjects with lipid disorders, or on 
subjectss specifically selected by lipid criteria, were not used. Duplicate 
publicationss and publications with patient overlap were excluded. All 
identifiedd publications were independently evaluated and selected by 
twoo investigators (SMB and KF) for compliance with these criteria. The 
resultss were compared and disagreements were resolved by consensus. 
Considerablee inconsistency exists concerning the nomenclature of the 
polymorphismss and alleles. The nomenclature used in this article is 
presentedd in table 1. 

DataData extraction and analysis 
Dataa were independently extracted and entered into separate databases 
byy two investigators (SMB and KF). The results were compared and 
disagreementss were resolved by consensus. 
Alll  populations described in case-control studies were tested for Hardy-
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Weinbergg (HW) equilibrium in cases and controls, and the genotype 
distributionss between all groups were compared by 2-statistics. The 
relationshipss between genotype and outcome (either lipid parameter or 
riskrisk of IHD) were analyzed with meta-analysis. Rare allele homozygotes 
weree compared against wild-type homozygotes, in order to obtain 
maximall  contrast. We did not consider a dominant model (comparing 
mutantt homozygotes + heterozygotes versus wild-type individuals). Thus, 
heterozygotess were not taken into account in these meta-analyses. For lipid 
parameters,, weighted mean differences (WMD) with corresponding 95% 
confidencee intervals (95% CI) were calculated.7 For dichotomous data on 
diseasee status, odds ratio's (OR) with corresponding 95% CI were calculated 
usingg the fixed effects model according to Peto and Mantel-Haenszel.8 

Thee raw data from each separately described population were entered 
ass a separate stratum. Tests for heterogeneity were performed with each 
meta-analysis.. Data were analyzed using Review Manager version 4.1 (The 
Cochranee Collaboration 2000). 

Result s s 
LiteratureLiterature search 
AA total of 143 potentially relevant publications were identified. Of these, 45 
weree excluded because they were published before 1992. Twenty-one studies 
weree excluded because the populations were non-Caucasian, or because 
thee ethnicity of subjects could not be determined. Thirty-six publications 
weree excluded because they had patient overlap with other publications; 
becausee patients were derived from a limited number of families; because 
theyy reported data affected by an intervention; because the reported data 
weree not relevant for our analysis; or because subjects were selected on the 
basiss of abnormal cholesterol levels (references available). One additional 
studyy selected patients on the basis of abnormal cholesterol levels, but did 
providee potentially relevant data on the control group.9 

Thee remaining 40 publications reported potentially relevant data. Eleven 
off  these provided a complete report of all data that were determined in the 
study.1*200 For the remaining 29 publications, the principal investigator was 
requestedd to provide data that were not shown in the article, and for 13 of 
thesee publications, the additional data were provided.92132 

Forr the remaining 16 publications, the principal investigator could not be 
contacted,, the requested data could not be retrieved, or permission from 
thee local Medical Ethics Committee could not be obtained (references 
available).. From these 16 publications, 7 provided no otherwise relevant 
data,, while from the remaining 9 publications, the incomplete set of 
reportedd data was used.33^2 Thus, data from a total of 33 studies were used. 
Thee characteristics of these studies are summarized in table 2. 

GenotypeGenotype and allele distributions 
Thee total population, which was analyzed for the Xbal polymorphism, was 
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Tablee 1. Nomenclature for the investigated APOB polymorphisms. 

Polymorphis m m 

Xbal l 

Signall peptide 

EcoRI I 

Allel e e 

X--

X+ + 

insertion n 

deletion n 

E+ + 

E--

Frequenc y y 

0.506 6 

0.494 4 

0.680 0 

0.320 0 

0.802 2 

0.198 8 

Rare e 

X+X+ + 

514 4 

DelDel l 

255 5 

E-E--

53 3 

Heterozygose s s 

X+X--

1114 4 

InsDel l 

1063 3 

E+E--

461 1 

Commo n n 

X-X--

538 8 

Inslns s 

1136 6 

E+E+ + 

917 7 

Allelee frequencies are based on the pooled control groups of all studies investigating 
genotypee - IHD relationships. The genotype distributions in the pooled control groups 
aree given in absolute numbers. 

nott in Hardy-Weinberg equilibrium and this was attributed completely 
byy the IHD cases (x2=6.786, df=l, p=0.009), whereas all other populations 
andd groups of cases and controls were in Hardy-Weinberg equilibrium 
(x2<1.8,, df=l, p>0.18). The Xbal genotypes distribution differed significantly 
betweenn cases and controls (x2=9.915, df=2, p=0.007). This was caused by 
aa significantly lower Xbal X+ allele frequency among the cases with IHD 
(0.4622 versus 0.494; x2=8.522, df=l, p=0.004) that was mainly the result of 
aa lower proportion of Xbal X+ homozygotes among the cases (0.198 versus 
0.237;; x2=8.930, df=l, p=0.003). In the individual studies, no indications 
weree found that cases and controls had different inclusion criteria with 
regardss to (LDL) cholesterol and apoB levels. Moreover, a selection bias 
wass very unlikely because Xbal had an unexpected inverse relation with 
IHDD (vide infra). The genotype (x2<3.1, df=2, p>0.2) and allele frequencies 
(x2<3.1,, df=l, p>0.08) of the other two polymorphisms were not significantly 
differentt between cases and controls. 

HomozygousHomozygous genotypes and lipid parameters 
Comparedd to wild-type (X-X-) individuals, Xbal X+ homozygotes had 
significantlyy higher TC and LDL-C levels; 0.15 mmol/1 (95% CI=0.09 to 0.22; 
p<0.0001),, and 0.15 mmol/1 (95% CI=0.09 to 0.20; pO.0001), respectively 
(tablee 3). The apoB levels were higher in X+ homozygotes, than in wild-
typee individuals (0.06 g/1; 95% CI=0.04 to 0.08; pO.0001). Homozygosity for 
thee signal peptide deletion allele was associated with elevated TC levels 
(0.122 mmol/1; 95% CI=0.06 to 0.18; pO.0001) and LDL-C levels (0.09 mmol/ 
1;; 95% CI=0.03 to 0.13; p=0.002), compared to wild-type (insertion allele) 
individuals.. ApoB levels were indeed higher in deletion allele homozygotes 
(0.077 g/1; 95% CI=0.04 to 0.09; p<0.0001). Homozygosity for the rare EcoRI E-
allelee was associated with decreased levels of total cholesterol (0.40 mmol/1; 
95%% CI=0.23 to 0.56; p<0.0001), and LDL-C (0.18 mmol/1; 95% CI=0.02 to 0.35; 
p=0.03),, compared to wild-type E+E+ individuals. The apoB levels were not 
associatedd with the E- allele in a recessive model. The triglyceride levels 
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weree not significantly associated with homozygosity for any of the three 
polymorphicc sites. 

GenotypeGenotype and ischemic heart disease 
Inn addition to the comparison of genotype distributions (rare allele 
homozygotes,, heterozygotes, common allele homozygotes) between IHD 
casess and controls, we quantified the risk of IHD that is associated with 
homozygosityy for the rare allele, as compared to homozygosity for the 
commonn allele. Homozygosity for the Xbal X+ allele was associated with 
aa reduced risk of IHD (OR=0.80; 95% CI=0.66 to 0.96; p=0.02; figure 1). 
Ann analysis restricted to populations whose lipid profiles were available 
showedd virtually similar results (data not shown). Homozygosity for the 
signall  peptide deletion allele was associated with an increased risk of IHD 
<OR=1.30;; 95% CI=1.08 to 1.58; p=0.007; figure 2). The EcoRI polymorphism 
wass not significantly associated with IHD (OR=1.15; 95% CI=0.78 to 1.70; 
p=0.5;; figure 3). 

Tablee 2a. Characteristics of the individual included studies with IHD as outcome 
Firs tt  autho r 

Benes4 4 

Bohnse e 

Corbo10 0 

Gardemann15 5 

Hosking21 1 

Machado27 7 

Marshall28 8 

Miettinen29 9 

Moreel31 1 

Nteminen32 2 

Salazar3* * 

Ukkola45 5 

vlsvikis" " 

Wick50 0 

Populatio n n 

Czech h 

Norwegian n 

Italian n 

Caucasian n 

Caucasian n 

Brazilian n 

Caucasian n 

Finnish h 

French,, Irish 

Finnish h 

Caucasian n 

Finnish h 

French,, Irish 

German n 

Sex x 

male e 

both h 

female e 

male e 

both h 

both h 

both h 

both h 

male e 

both h 

female e 

both h 

male e 

both h 

Definitio n n 

MI/APbyCAG G 

Ml l 

MI/AP P 

CADD by CAG 

CADD by CAG 

CADD by CAG 

CADD by CAG 

Ml /AP P 

Ml l 

CADD by CAG 

CADD by CAG 

CADD in DM 

Ml l 

CADD by CAG 

Polymorphis m m 

SP P 

Xbal,, SP 

Xbal,, EcoRI, 

SP P 

Xbal,, EcoRI 

Xbal,, SP 

Xbal,, EcoRI, 

Xbal l 

Xbal,, EcoRI 

Xbal l 

Xbal,, EcoRI, 

Xbal,, EcoRI 

SP P 

EcoRI I 

SP P 

SP P 

SP P 

Outcom e e 

IHD D 

IHD D 

IHD D 

IHD D 

IHD D 

IHD D 

IHD D 

IHD D 

IHD D 

IHD D 

IHD D 

IHD D 

IHD D 

IHD D 

Mll indicates myocardial infarction; AP indicates angina pectoris; CAD by CAG 
indicatess coronary artery disease confirmed by coronary angiography; DM indicates 
diabetess mellitus, SP indicates signal peptide polymorphism. The numbers of cases 
andd controls refer to the highest number analyzed for any of the polymorphisms. The 
numberss may vary between the polymorphisms. 
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Discussio n n 
Inn the present meta-analysis, variation at the APOB gene locus exerted 
differentiall  effects on LDL-C and apoB levels, and on IHD risk. In the general 
population,, high levels of apoB lead to an increased risk of IHD,43 and in 
patientss on statin therapy, apoB levels have recently been proposed as a 
moree accurate therapy guidant than LDL-C.2 44 The findings of the present 
studyy suggest that these relationships may not have a simple molecular 
basiss in the APOB gene. The Xbal X+ allele was significantly associated 

Tablee 2b. Characteristics of the included studies with lipid levels as outcome 
Firs tt  autho r 

Aalto-Setala1 1 

Abbey2 2 

Benes3 3 

Bohn5 5 

Bohn6 6 

Corbo10 0 

Deeb11 1 

Delghandi12 2 

Gaffney14 4 

Gardemann15 5 

Glisic16 6 

Hansen18 8 

Hixson20 0 

ISO23 3 

Populatio n n 

Finnish h 

Australian n 

Caucasian n 

Norwegian n 

Norwegian n 

Italian n 

Caucasian n 

Norwegian n 

Scottish h 

Caucasian n 

Serbian n 

Danish h 

Caucasian n 

Caucasian n 

Lopez-Miranda244 Spanish 

Lopez-Miranda255 Spanish 

Louhija26 6 

Miettinen29 9 

Moreel31 1 

Pajukanta33 3 

Peacock34 4 

Pouliot36 6 

Series39 9 

Turner44 4 

Ukkola45 5 

Vllella47 7 

vlsvikis48 8 

Finnish h 

Finnish h 

French,, Irish 

Finnish h 

Swedish h 

Caucasian n 

Caucasian n 

European n 

Finnish h 

Spanish h 

French,, Irish 

Sex x 

both h 

both h 

male e 

both h 

both h 

female e 

male e 

both h 

both h 

male e 

both h 

male e 

male e 

both h 

male e 

male e 

both h 

both h 

male e 

both h 

male e 

male e 

both h 

both h 

both h 

male e 

male e 

Definitio n n 

Ischemicc stroke / TIA 

healthyy volunteers 

CADD byCAG 

Ml,, healthy controls 

Ml,, healthy controls 

Polymorphis mm Outcom e 

Xbal l 

EcoRI I 

SP P 

Xbal l 

SP P 

Mll / AP, healthy controls Xbal, EcoRI, 

CADD by CAG, controls 

healthyy controls 

healthyy controls 

CAD,, controls 

healthy y 

randomm volunteers 

diedd of external causes 

healthyy volunteers 

ApoE33 homozygotes 

ApoE33 homozygotes 

Centenarians s 

Xbal l 

Xbal,, EcoRI 

SP P 

SP P 

SP P 

Xbal l 

SP P 

EcoRI I 

Xbal l 

Xbal l 

Xbal l 

Mll / AP, healthy controls Xbal 

Ml l 

healthyy volunteers 

healthyy controls 

healthy y 

randomm subjects 

offspingg of Ml patients 

DM M 

healthyy volunteers 

Ml l 

Xbal,, EcoRI 

Xbal,, SP 

Xbal l 

EcoRI I 

EcoRI I 

Xbal.SP P 

Xbal,, EcoRI 

Xbal l 

SP P 

TC,, LDL, TG 

TC,, LDL, TG 

TC,, LDL, TG, apoB 

TC,, LDL, TG, apoB 

TC,, LDL, TG, apoB 

SPTC,, LDL, TG, ApoB 

TC,, LDL, apoB 

TC,, LDL, TG, apoB 

LDL,, TG 

TC,, TG, apoB 

TC.TG G 

TC,, apoB 

TC C 

TC,, LDL, TG 

TC,, LDL, TG, apoB 

TC,, LDL, TG, apoB 

TC,, LDL, TG 

TC,, LDL, TG 

TC,, LDL, TG, apoB 

TC,, LDL, TG, apoB 

LDL L 

TC,, LDL, TG, apoB 

TC C 

TC,, LDL, TG, apoB 

TC,, LDL, TG 

TC,, LDL, TG, apoB 

TC,, LDL, TG, apoB 

Mll indicates myocardial infarction; TIA indicates transient ischemic attack; AP 
indicatess angina pectoris; CAD by CAG indicates coronary artery disease confirmed 
byy coronary angiography; DM indicates diabetes mellitus, SP indicates signal 
peptidee polymorphism. The numbers of IHD cases and no IHD controls refer to the 
highestt number analyzed for any of the lipid parameters. The numbers of individuals 
analyzedd may vary between lipid parameters and the polymorphisms. 
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withh higher LDL-C and apoB levels. Strikingly, the Xbal X+ allele was also 
associatedd with a significantly decreased risk of IHD. 
ApoBB acts as ligand for LDL receptor mediated uptake of LDL in the 
liver.. Among patients with a mutated LDL receptor, large variation has 
beenn observed in the severity of hypercholesterolemia.45 The clinical 
consequencess of mutated LDL receptors depend on interactions with 
unknownn additional risk factors.46 However, disorders of apoB itself could 
changee the atherogenic properties of LDL without an influence on such 
additionall  factors. The inverse associations of the polymorphic Xbal site 
withh hypercholesterolemia and IHD risk could be explained by structural 
changess of apoB that concomitantly cause hypercholesterolemia and 
modifyy LDL towards a less atherogenic particle. ApoB has arginines 
positionedd in the carboxy terminal part of the protein, which result in a 
receptorr binding site at amino acid residues 33S9-3369.47 An interaction 
betweenn arginine and tryptophan is essential for correct refolding of 
apoBB during hydrolysis of very-low density lipoproteins (VLDL) to LDL. The 
absencee of an arginine leads to reduced affinity for the LDL receptor and 
mayy also change refolding of apoB during the intravascular remodeling of 
VLDLL to LDL.47 Alternatively, a structural disorder may affect the interaction 
sitee of apoB with proteoglycans of the extracellular matrix.48 Theoretically, 
suchh structural changes of apoB could result in accumulation of less 
atherogenicc LDL in the circulation. The polymorphic Xbal site is located 
inn exon 26 and does not cause an amino acid substitution. Therefore, 
thee observed associations probably result from co-segregation with one 

Tablee 3. Weighted mean differences for lipid parameters 
Polymorphis mm Lipi d paramete r WMD (95%CI) P Rara / Hetero / Commo n 

Xbal l 

Signall peptide 

EcoRI I 

Totall cholesterol 

LDLL cholesterol 

Triglycerides s 

ApoB B 

Totall cholesterol 

LDLL cholesterol 

Triglycerides s 

ApoB B 

Totall cholesterol 

LDLL cholesterol 

Triglycerides s 

ApoB B 

0.15(0.099 -

0.155 (0.09 -

0.044 (0.00 -

0.066 (0.04 -

0.122 (0.06 -

0.088 (0.03 -

0.022 (-0.02 

0.077 (0.04 -

-0.400 (-0.56 

-0.188 (-0.35 

-0.077 (-0.28 

-0.055 (-0.15 

0.22) ) 

0.20) ) 

0.08) ) 

0.08) ) 

0.18) ) 

0.13) ) 

-- 0.05) 

0.09) ) 

-- -0.23) 

-- -0.02) 

-- 0.13) 

-- 0.05) 

<< 0.0001 

<< 0.0001 

0.07 7 

<< 0.0001 

<< 0.0001 

0.002 0.002 

0.3 3 

<< 0.0001 

<< 0.0001 

0.03 3 

0.5 5 

0.4 4 

1139/2716/1583 3 

1036/2503/1480 0 

917/2276/1339 9 

1010/2317/1291 1 

705/2910/2961 1 

443/1840/1754 4 

670/2808/2838 8 

613/2409/261 1 

42 /450 /865 5 

39/414/802 2 

39 /421 /805 5 

24 /255/528 8 

Dataa are weighted mean differences (WMD) and corresponding 95% CI for TC, 
LDL-C,, triglycerides, and apoB, and the number of individuals in each comparison. 
Weightedd mean differences (WMD) quantify the difference in concentrations 
betweenn rare allele homozygotes (X+X+, E-E, DelDel, and common allele 
homozygotess (X-X-, E+E+, Inslns). Rare refers to rare allele homozygotes, common 
referss to common allele homozygotes. 
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Figuree 1. 

Study y 
Oddss ratios for ischemic heart disease according to Xbal polymorphism. 

ORR (95%CI) Homozygote ss (n) 
X+X++ vs X-X-

Bohn-malesBohn-males (1993) 
BohnBohn - females (1993) 
Corbo(1997) ) 
Hoskingg - females (1992) — 
Hosking-maless (1992) 
Machado(2001) ) 
Marshalll (1994) 
Miettinen(1994) ) 
Moreell - Ireland (1992) 
Moreell - Strasbourg (1992) 
Moreell - Toulouse (1992) 
Nieminen(1992) ) 
Salazarr (2000) 
Ukkola(1993) ) 

Total Total 

1.281.28 (0. 
0.470.47 (0. 
0.266 (0, 
0.19(0. . 
0.599 (0. 
2.299 (0. 
0.911 (0, 
0.766 (0, 
1.07(0. . 
0.922 (0. 
0.933 (0. 
0.444 (0. 
0.088 (0. 
0.666 (0. 

74-2.24) 74-2.24) 
17-1.26) 17-1.26) 
05-1.23 3 
04-0.85 5 
20-1.76 6 
78-6.74 78-6.74 
61-1.36 6 
27-2.12 2 
59-1.94 4 
53-1.58 8 
52-1.65 5 
15-1.31 1 
03-0.27 7 
31-1.39 9 

114-99 114-99 
92-59 92-59 
18-58 8 
26-13 3 
26-27 7 
211 -41 
199-192 2 
21-49 9 
86-89 9 
88-123 3 
85-110 0 
20-49 9 
39-33 3 
411 -88 

0.800.80 (0.66-0.96) 876 -1030 p=0.02 

0.01 1 0.1 1 1 1 10 0 100 0 

Oddss ratios for individual studies and pooled odds ratios for the outcome ischemic 
heartt disease in X+X+ homozygotes compared with X-X- homozygotes as reference 
group.. Thus, heterozygotes are not taken into account in this model. Point estimates 
andd corresponding 95% CIs, and the absolute number of individuals are presented 
forr individual studies, and for a pooled analysis. Square size is proportional to num-
berr of observations. 

orr more functional variants in the APOB gene or a nearby-located gene. 
Suchh linkage disequilibrium might exist with variants that affect the LDL-
receptorr binding region of apoB and refolding of the protein.49 50 

Thee signal peptide deletion allele of apoB was also associated with 
hypercholesterolemiaa and with an increased risk of IHD. This deletion 
allelee results in an absence of three amino acids, which could lead to 
diminishedd hydrophobicity of the signal peptide, and this could improve 
thee translocation of apoB from the cytoplasm leading to an increased 
secretionn rate of apoB-containing lipoproteins.51 To our knowledge a 
comparisonn of LDL properties between Xbal X+ homozygotes and deletion 
allelee homozygotes has not been performed. Despite a significant and 
relativelyy large LDL-C-lowering effect of the EcoRI polymorphism no effect 
onn the risk of IHD was observed. The EcoRI polymorphism predicts a Glu-
Lyss substitution in exon 29 of the APOB gene. This mutation may alter the 
tertiaryy structure of apoB, thereby affecting the interaction with the LDL 
receptor. . 
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Figuree 2. Odds ratios for IHD according to signal peptide insertion / deletion polymorphism 

Stud yy OR (95%CI) Homozygote s (n) 
DelDell  vs Insln s 

Beness (2000) 
Bohnn -male s (1994) 
Bohn-female ss (1994) — 
Corb oo (1997) 
Gardeman nn (1998) 
Machad oo (2001) 
Marshal ll  (1994) 
Salazarr  (2000) 
Visviki ss  - Irelan d (1993) 
Visviki ss  - Strasbour g (1993) 
Visviki ss  - Toulous e (1993) -

Total Total 

2.077 (1 
1.366 (0 
0.755 (0 
0.788 (0 
1.45(1 1 
1.50(0 0 
1.07(0 0 
0.577 (0 
2.19(1 1 
1.06(0 0 
0.833 (0 

13-3.82) ) 
76-2.43) ) 
27-2.13) ) 
19-3.21) ) 
01-2.09) ) 
47-4.78) ) 
66-1.73) ) 
20-1.62) ) 
.08-4.45) ) 
.49-2.29) ) 
.30-2.31) ) 

566 - 171 
655 - 162 
399 - 141 
10-90 0 
2266 -1075 
15-56 6 
83-347 7 
26-70 0 
466 - 143 
311 -181 
23-104 4 

1.301.30 (1.08-1.58) 620 - 2540 p=O.007 

0.11 0.2 1 5 10 
Oddss ratios for individual studies and pooled odds ratios for the outcome ischemic 
heartt disease in deletion homozygotes compared with insertion homozygotes as 
referencee group. Thus, heterozygotes are not taken into account in this model. Point 
estimatess and corresponding 95% CIs, and the absolute number of individuals are 
presentedd for individual studies, and for a pooled analysis. Square size is propor-
tionaltional to number of observations. 

DesignDesign and limitations 
Severall  issues have to be taken into account when interpreting the present 
meta-analysis.. A major weakness of any meta-analysis is publication bias, 
whichh results from not publishing 'non-significant' data.5 An ideal meta-
analysiss should contain all data from positive and negative studies, but 
thiss is impossible because many investigators of unpublished studies 
remainn anonymous, have moved or retired, or are unwilling or unable 
too provide unpublished data.52 Because this is particularly true for older 
studies,, we restricted our analysis to the last ten years. The strength of 
ourr analysis lies in the fact that we collected a substantial amount of 
unpublishedd data from this recent time span. Consequently, our findings 
clearlyy did not incorporate a trend towards selection of positive findings. 
Moree importantly, it resulted in analyses that were not influenced by 
calendarr time, which can have a strong influence on the relationship 
betweenn genotype and disease.45 For example, the finding in a large 
pedigreee with hypercholesterolemia suggests that meta-analyses on the 
relationn between genotypes and chronic disease should be adjusted for 
calendarr time or should be restricted to present-day patients. Another 
problemm related to meta-analysis in general is the use of different outcome 
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Figuree 3. Odds ratios for ischemic heart disease according to EcoRI polymorphism 

Study y ORR (95%CI) Homozygotess (n) 
E-E-- vs E+E+ 

Corbo(1997) ) 
Hoskingg - females (1992)— 
Hosking-maless (1992) 
Marshalll (1994) 
Moreel-Irelandd (1992) 
Moreell - Strasbourg (1992) 
Moreell - Toulouse (1992) 
Salazarr (2000) 
Ukkola(1993)) — 
Wickk (1995) 

Total Total 

1.85(0.39-8.80)) 7 -97 
0.14(0.01-3.04)2-68 8 
0.944 (0.20-4.49) 7 - 82 
1.82(0.83-4.01)29-447 7 
1.811 (0.44-7.41)9-244 
0.822 (0.24-2.76) 11 - 268 
3.09(0.90-10.55)) 12-234 
1.15(0.38-3.53)) 16-76 
0.08(0.01-0.62)9-161 1 
0.95(0.24-3.78)) 10-225 

1.15(0.78-1.70)1.15(0.78-1.70) 112-
p=0.5 p=0.5 

1902 1902 

0.011 0.1 1 10 100 
Oddss ratios for individual studies and pooled odds ratios for the outcome ischemic 
heartt disease in E-E- homozygotes compared with E+E+ homozygotes as reference 
group.. Thus, heterozygotes are not taken into account in this model. Point estimates 
andd corresponding 95% CIs, and the absolute number of individuals are presented 
forr individual studies, and fora pooled analysis. Square size is proportional to num-
berr of observations. 

definitionss in the individual studies. However, the methods were identical 
withinn each individual study and therefore the inconsistencies could not 
havee introduced an important systematic bias. Moreover, some of the 
discrepanciess between individual studies could be caused by differences 
inn ethnic background or lifestyle, and therefore we have restricted our 
analysess to Caucasian populations. Finally, a particular difficulty may have 
beenn introduced by the fact that that we analyzed the relation between 
APOBB genotypes and intermediate traits (LDL-C and apoB) and the risk of 
IHD.. Such a line of investigation suggests analyses of a causal pathway 
butt these intermediate traits and clinical endpoints were in part analyzed 
inn different studies. However, similar results were obtained in additional 
analysess restricted to studies that provided information on lipids as well as 
IHD. . 

Interpretation Interpretation 
Thee three most frequently analyzed polymorphisms in the APOB gene had 
differentiall  effects on lipid profile and IHD risk. Hypercholesterolemia 
associatedd with polymorphisms in the APOB gene does not necessarily lead 
too an increased risk of IHD. Future research is needed to assess whether 
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orr not the specific polymorphisms influence the atherogenic properties 
off  the LDL particles. Moreover, the effect should be analyzed of linkage 
disequilibriaa between the polymorphisms. Nonetheless, we conclude that 
onlyy the signal peptide deletion allele contributes to an increased risk of 
IHDD that is associated with hypercholesterolemia and high apoB levels. 
However,, the findings on the other two frequent polymorphisms (Xbal and 
EcoRI)) underline that the relation between IHD and hypercholesterolemia 
andd high apoB levels in the general population is complex and involves 
moree than variation in the APOB gene. 
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