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Abstract
Background: Interleukin-18 is a pro-inflammatory cytokine suspected to be associated with
atherosclerosis and its complications. We had previously shown that one single nucleotide
polymorphism (SNP) of the IL18 gene was associated with cardiovascular disease (CVD) through
an interaction with smoking. As a further step for elucidating the contribution of the IL-18 pathway
to the etiology of CVD, we here investigated the association between the genetic variability of two
IL-18 receptor genes, IL18R1 and IL18RAP, with the risk of developing CVD.

Methods: Eleven tagging SNPs, 5 in IL18R1 and 6 in IL18RAP, characterizing the haplotypic
variability of the corresponding genes; were genotyped in 5 European prospective CVD cohorts
including 1416 cases and 1772 non-cases, as part of the MORGAM project. Both single-locus and
haplotypes analyses were carried out to investigate the association of these SNPs with CVD.

Results: We did not find any significant differences in allele, genotype and haplotype frequencies
between cases and non-cases for either of the two genes. Moreover, the search for interactions
between SNPs located in different genes, including 5 IL18 SNPs previously studied in the MORGAM
project, and between SNPs and environmental factors remained unfruitful.

Conclusion: Our analysis suggests that the variability of IL18R1 and IL18RAP genes are unlikely to
contribute to modulate the risk of CVD.
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Background
Interleukin-18 (IL-18) is a pro-inflammatory molecule
that has been shown to be involved in the susceptibility of
several human complex diseases such as immune dis-
eases, type I diabetes and cardiovascular diseases (CVD)
[1]. The hypothesized mechanism by which IL-18 may be
linked to CVD risk is related to atherosclerosis and its
complication [2-9]. Consistent with this hypothesis, high-
est IL-18 levels were shown to be associated with
increased carotid intima-media thickness [10] and with
cardiovascular mortality in a cohort of patients with coro-
nary artery disease [7,8]. As initiating the IL-18 signalling
cascade requires the formation of a heterodimeric recep-
tor (IL-18R) composed of a binding chain α, termed IL-
18R1 or IL-18Rα, and a signal transducing β chain, termed
IL-18RAP (for IL-18 receptor accessory protein) or IL-
18Rβ [11-13], both IL-18R1 and IL-18RAP might also be
good candidates for CVD. IL-18R1 and IL18-RAP are
expressed on a variety of cells including macrophages, T
lymphocytes, and natural killer cells, which are ascribed a
key role in atherosclerotic plaque rupture [14,15]. The
hypothesized relationship between IL-18 receptors and
CVD could be reinforced by showing that single nucle-
otide polymorphisms (SNPs) within the IL-18R1 and
IL18-RAP genes could be associated with CVD.

While IL18R1 and IL18RAP polymorphisms have been
found associated with diseases such as schizophrenia,
HSV1 seropositivity and atopic asthma [16,17], little is
known about their contribution to CVD. IL18R1 and
IL18RAP tag SNPs have been investigated in a German
cohort of coronary artery disease patients in relation to
cardiovascular mortality [9] but no association was
observed. However, the number of patients experiencing
the end point of interest was moderate (n = 142) and
could have limited the power to detect mild genetic
effects.

Therefore, in order to get a better insight of the contribu-
tion of IL18R1 and IL18RAP genes on CVD risk, we inves-
tigated the association of tagging SNPs within these genes
with the risk of CVD in the MORGAM Project [18], a col-
laborative study pooling several European (Finns, Swed-
ish, Northern Irish and French) prospective population
cohorts expected to provide ample power to detect mod-
erate genetic effects. In addition, in light of our recent
finding suggesting that smoking could modulate the effect
of IL18 SNPs on the risk of CVD [19], we were interested
in testing whether IL18R1 and IL18RAP SNPs could also
interact with smoking, an hypothesis that has never been
investigated before.

Methods
MORGAM study populations
MORGAM is a multinational collaborative project of sev-
eral European population cohorts, which were followed
up for cardiovascular disease and whose descriptions have
already been published [18]. The present report was based
on the analysis of five cohorts, two from Finland (FIN-
RISK, ATBC), one from France and one from Northern Ire-
land, (both issued from the PRIME Study), and one from
Sweden. The FINRISK cohort comprised two surveys with
baseline investigations five years apart (1992 and 1997).
Both were pooled in this report after having checked for
consistency across surveys and the analysis was adjusted
for survey. All individuals were followed up over a median
period of 6.0 (maximum 10.9) years for mortality and for
several cardiovascular outcomes including thromboem-
bolic, coronary heart disease (CHD) and stroke events. To
facilitate the study of multiple endpoints and to reduce
genotyping costs, a case-cohort design [20,21] has been
adopted in MORGAM. In each population cohort, a sub-
set of individuals from the whole cohort was randomly
selected independently of disease status to be part of a
subcohort according to population-specific sampling
probabilities. These probabilities were dependent on sex
and age such that older subjects had a higher selection
probability and that age distributions were similar in cases
and in the subcohort. All individuals were followed up for
clinical outcome that was obtained mostly from national
death register, MONICA and hospital discharge registers,
and regional health information system [18]. Genotyping
was however restricted to all subcohort members and to
all additional subjects who were not part of the subco-
horts but who experienced cardiovascular outcomes dur-
ing the follow-up. Subjects with cardiovascular events
prior to the baseline examination were excluded from the
analysis.

Globally, the subcohort was composed of 2016 subjects.
In this study, we were interested in stroke events (ischemic
and hemorrhagic) and CHD events (including definite
and possible acute myocardial infarction, coronary death,
unstable angina pectoris and cardiac revascularization).
Both ischaemic and hemorrhagic stroke were included in
the analysis because there is often insufficient data to sep-
arate between the subtypes in this population-based
study. About 80% of the strokes are ischaemic in these
populations. Detailed events definition is available in the
cohort descriptions [22]. Both fatal and non-fatal events
were considered and, when multiple events occurred dur-
ing the following-up, only the first one was studied. The
case-cohort data set was composed of 1416 cases (244
subjects in the subcohort and 1172 subjects from outside
the subcohort) and 1772 non-cases.
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Quality control of the extracted DNA
A central core laboratory aliquotted the DNA samples
from all cohorts except the two cohorts of the prospective
study PRIME. Fluorescent label PicoGreen (Invitrogen,
Carlsbad, CA, USA) was used to normalize the DNA con-
centration prior to aliquotting. The samples were geno-
typed with quality control marker panel including sex-
specific markers (one marker in the Y-chromosome, 2 in
X-chromosome and 3 autosomal markers). Genotype-
inferred gender was compared with the clinical records.
The presence of discrepancies may indicate either that
sample labels have been mixed or contamination with
another DNA. This can be observed only when a sample
of men has been mixed or swapped with a sample of
women. Therefore, genotyped samples also included ~2%
known duplicates, 5% blinded duplicates and negative
controls. We then excluded all discrepant samples. The
genotyping success rate was at least 98% for all control
markers and we observed less than 0.25% genotyping
errors based on the duplicate comparison. This quality
control process was performed only once and independ-
ently of any planned SNP-specific genotyping.

Genotyping
SNPs genotyped in the present study were exactly those
that were previously studied in the AtheroGene cohort [9]
where detailed description of the selection criteria can be
found. Briefly, these were haplotype tagging SNPs selected
to capture more than 95% of the haplotype diversity of
the regulatory, coding and flanking intronic regions of the
IL18R1 and IL18RAP genes according to the information
available in the Innate Immunity Programs for Genomic
Applications database http://innateimmunity.net/. These
included 5 SNPs in IL18R1, rs1420098 (T-6/in1C),
rs1420096 (T-17/in8C), rs11465656 (+43Ins/Del),
rs3732127 (G+404C), rs11465660 (C+968A), and 6
SNPs in IL18RAP, rs11465670 (T-1301C), rs4851581 (A-
992G), rs1420106 (G-697A), rs1420105 (C-622T),
rs11465673 (T-366C), rs11465702 (A+55/inG). In addi-
tion to these 11 SNPs, 5 IL18 SNPs previously studied in
the MORGAM project [19] were also investigated in the
search for interaction among SNPs of the IL-18 pathway.
These were rs1946519 (G-887T), rs360717 (C-105T),
rs549908 (S35S (A/C)), rs5744292 (A+183G) and
rs4937100 (T+533C). Genotyping was performed using
the TaqMan 5' nuclease detection assay on a 7000
Sequence Detection System (Applied Biosystems). All
information for genotyping (PCR primers, probes, condi-
tions of amplification and hybridization) can be found on
the GeneCanvas website http://genecanvas.ecgene.net.

Statistical analysis
Deviation from Hardy-Weinberg equilibrium (HWE) was
tested by a standard χ2 with 1 degree of freedom and allele
frequencies were estimated using the gene-counting

method in each subcohort separately. Association of
IL18R1 and IL18RAP SNPs with the case/non-case status
was tested using a logistic regression model including the
inverse of the sampling probability as an offset [21]. In
most analyses, additive allele effects were assumed except
for rare alleles where dominant models were considered.
In order to deal with linkage disequilibrium (LD) between
SNPs of the same gene, haplotype analyses were further
carried out using the THESIAS software [23]. Tests of asso-
ciation between haplotypes and the case/non-case status
were performed using the likelihood ratio test.

Analyses were performed separately in each population
and were adjusted for age at baseline, baseline status, gen-
der and smoking status when appropriate. Homogeneity
of the associations across cohorts was assessed by use of
the Mantel-Haenszel statistics [24,25] that was subse-
quently used for estimating pool odds ratio (OR) in the
whole study. The Mantel-Haenszel method is a standard
way to estimate averaged OR by weighting each log(OR)
obtained in a given population by the inverse of their var-
iance.

For each gene, adjustment for multiple testing was made
by applying a Bonferroni correction for the number of
inferred haplotypes times the number of population
cohorts.

The DICE method [26,27] was used to investigate SNP ×
SNP interactions as well as interaction of SNPs with cov-
ariates including age, gender, smoking status and body
mass index. DICE is an algorithm that explores in an auto-
mated way all combinations of one, two or three covari-
ates, that could be SNP or environmental factors, acting
either additively or in an interactive way. The selection for
the most parsimonious model of interaction, if any, is
based on a Information Criterion. This search was first car-
ried out separately in each cohort and then in the com-
bined sample while adjusting for cohorts.

Results
A brief description of the five populations used for this
analysis is given in Table 1, with a total number of 1772
non-cases and 1416 cases of CVD. Three cohorts, ATBC,
PRIME/France and PRIME/N.Ireland included men only.
Among the 1,416 cases, 923 experienced only a CHD
event, 425 only a stroke event and 68 experienced both
events. The first event was fatal for 258 CHD cases and 55
stroke cases.

All analyses were performed separately in each cohort but,
for ease of presentation, most of the results presented are
those obtained in the whole study, after having checked
the homogeneity of the associations.
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IL18R1 gene
In each MORGAM subcohort, all genotype distributions
were compatible with Hardy Weinberg equilibrium
(HWE). For three SNPs, allele frequencies differed across
subcohorts (Additional File 1). The SNP showing the
strongest difference (p < 0.0001) across subcohorts was
the rs11465660, the frequency of the rs11465660-A allele
varying from 0.07 in France to 0.15 in Sweden. None of
the IL18R1 SNPs was consistently associated with CVD
(Table 2 – Figure 1). The rs3732127-C allele was slightly
more frequent in Sweden cases than in Sweden non-cases
(0.22 vs 0.14), but this association (p = 0.037), not found
in others cohorts, was no longer significant after correc-
tion for multiple testing

LD pattern between IL18R1 SNP is shown in Figure 2.
Eight haplotypes with frequency greater than 0.02 in at
least one subcohort were inferred from the 5 IL18R1 tag
SNPs (Table 3). The haplotypic structures were broadly
homogenous across the five cohorts. The rs11465656-Del
allele was the only allele carried by only one haplotype,
homogeneously across subcohorts. No association
between IL18R1 haplotypes and CVD risk was observed in
any of the MORGAM cohorts, with the p-value of the glo-
bal test of association ranging from 0.138 to 0.877 in FIN-
RISK and ATBC, respectively (Additional File 2 – Tables 1
&2). In the whole MORGAM cohort, no specific haplo-
type was associated with the disease status (Figure 3).

IL18RAP gene
Again, all genotypic distributions were compatible with
HWE in all MORGAM subcohorts. All IL18RAP SNPs

exhibited differences in allele frequencies across subco-
horts (Additional File 1). In particular, the rs4851581-G
allele was almost twice as common in Finnish popula-
tions when compared to other cohorts. None of the
IL18RAP SNPs was consistently associated with CVD
(Table 2 – Figure 1). In the FINRISK cohort, the
rs11465702-G allele was slightly less frequent in cases
than in non-cases (0.16 vs 0.19, p = 0.048), but this asso-
ciation was not observed in others cohorts and did not
remain significant after multiple testing correction

The 6 IL18RAP SNPs generated 7 haplotypes with fre-
quency higher than 1%. These common haplotypes were
observed in all subcohorts but with different frequencies
(Table 4). Except for the rs1420105, all rare alleles were
carried by only one haplotype, homogenously across
cohorts. No association between IL18RAP haplotypes and
CVD risk was detected in any cohort (p-values ranging
from 0.154 to 0.848 in Sweden and ATBC cohorts, respec-
tively, Additional File 2 – Tables 3 &4) nor in the whole
MORGAM sample (Figure 4).

Gene × Gene and Gene × environment analysis
Finally, we were interested in testing whether IL18R1 and
IL18RAP SNPs as well as 5 previously studied IL18 SNPs
could interact with each other or with covariates including
age, gender, smoking status and body mass index (BMI),
to modify the risk of CVD. Except for the IL18 rs360717
allele whose effects have previously been found to be
modulated by smoking [19], the search for interaction
remained unfruitful. We did not detect any interaction
between SNPs located in different genes nor between

Table 1: Description of the MORGAM cohorts

Number of individuals

Cohort Subcohorta Incident 
cases 

outside 
subcohort

All Non-cases CHDb Strokeb Smokersc Males Age at 
baselined 

(years)

Follow-up 
median/max 

(years)

FINRISK
(Finland)

700
(609/91)

476 1176 609
(51.8%)

382 (32.5%) 185 (15.7%) 285 (24.2%) 827 (70.3%) 57.0 [25–
74]

8.07/10.96

ATBC
(Finland)

849 
(718/131)

421 1270 718 (56.5%) 343 (27.0%) 209 (16.5%) 1007 
(79.3%)

1270 
(100%)

63.4 [54–
76]

7.12/8.29

Sweden 136 (128/8) 59 195 128 (65.6%) 29 (14.9%) 38 (19.5%) 37 (19.0%) 121 (62.0%) 55.8 [24–
73]

6.04/10.87

PRIME
N.Ireland

143 (135/8) 108 251 135 (53.8%) 103 (41.0%) 13 (5.2%) 66 (26.3%) 251 (100%) 54.9 [50–
60]

5.14/5.99

PRIME
France

188 (182/6) 108 296 182 (61.5%) 98 (33.1%) 16 (5.4%) 73 (24.7%) 296 (100%) 55.3 [49–
60]

5.28/7.61

Entire 2016 
(1772/244)

1172 3188 1772 
(55.6%)

955 (30.0%) 461 (14.5%) 1468 
(46.0%)

2765 
(86.7%)

59.2 [24–
76]

6.33/10.96

a Total number of individuals in the random subcohort (non-cases/cases)
b In presence of several events, only the first event was considered.
c Daily cigarette smoker at baseline
d Mean age [min - max]
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SNPs and environmental factors. For example, Figures 5
&6 illustrate the lack of differential effects of IL18R1 and
IL18RAP haplotypes according to smoking while Figures 7
&8 display the absence of interaction with BMI.

Discussion
IL18R1 and IL18RAP genes code for two receptors of the
IL-18 cytokine that has been found associated with
atherosclerosis and its cardiovascular complications[1].
As such, they are considered as good candidates for CVD.
This motivated the present work in which IL18R1 and
IL18RAP tag SNPs were assessed for association with CVD
in different European cohorts as part of the MORGAM
Project.

Eleven SNPs, 5 in IL18R1 and 6 in IL18RAP, were studied
for association with CVD events in 5 European prospec-

tive cohorts, assembling more than 3000 subjects. Despite
some minor differences in allele frequencies across
cohorts, the haplotypic structures of these genes were
broadly homogeneous. These allele frequencies were
however comparable to those observed in HapMap Phase
III European samples populations http://www.hap
map.org or in NCBI dbSNP European database http://
www.ncbi.nlm.nih.gov/projects/SNP/. None of the single
SNPs, nor the inferred haplotypes, were found to be asso-
ciated with CVD, results that are consistent with those
reported in the AtheroGene study[9]. Because of the bio-
logical interaction between these two receptors and the IL-
18 molecule, we also investigated whether SNPs of these
3 genes (IL18R1/IL18RAP/IL18) could interact with each
other to modulate the risk of CVD. For this purpose, 5 pre-
viously studied IL18 SNPs were used [19]. No evidence for
epistasis was observed in any of the 5 cohorts (data not

Association of IL18R1 and IL18RAP SNPs with CVD risk in the whole MORGAM cohortsFigure 1
Association of IL18R1 and IL18RAP SNPs with CVD risk in the whole MORGAM cohorts. Combined ORs [95% 
confidence interval] were obtained by use of the Mantel-Haenszel method and adjusted for age, gender and smoking status.
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Table 2: Allele frequenciesa of the IL18R1 and IL18RAP SNPs in the MORGAM cohorts

FINRISK
N = 1176

ATBC
N = 1270

Sweden
N = 195

PRIME/N.Ireland
N = 251

PRIME/France
N = 296

Gene SNP Non-cases
N = 609

Casesb

N = 567
Non-cases
N = 718

Cases
N = 552

Non-cases
N = 128

Cases
N = 67

Non-cases
N = 135

Cases
N = 116

Non-cases
N = 182

Cases
N = 114

IL18R1 rs1420098 (T/C) 0.37 0.38 0.39 0.41 0.43 0.41 0.42 0.42 0.41 0.37

rs1420096 (T/C) 0.46 0.47 0.46 0.47 0.52 0.43 0.50 0.48 0.55 0.53

rs11465656 (I/D) 0.04 0.04 0.04 0.04 0.03 0.02 0.04 0.06 0.05 0.03

rs3732127 (G/C) 0.21 0.18 0.17 0.17 0.14 0.22* 0.17 0.19 0.19 0.16

rs11465660 C/A) 0.10 0.10 0.12 0.12 0.13 0.13 0.11 0.07 0.07 0.07

IL18RAP rs11465670 (T/C) 0.09 0.09 0.11 0.12 0.11 0.16 0.13 0.15 0.13 0.13

rs4851581 (A/G) 0.14 0.15 0.15 0.13 0.08 0.03 0.08 0.10 0.09 0.11

rs1420106 (G/A) 0.18 0.20 0.20 0.19 0.21 0.19 0.20 0.18 0.22 0.28

rs1420105 (C/T) 0.46 0.46 0.46 0.47 0.51 0.43 0.50 0.48 0.53 0.53

rs11465673 (T/C) 0.09 0.10 0.12 0.12 0.13 0.14 0.11 0.07 0.07 0.06

rs11465702 (A/G) 0.19 0.16* 0.15 0.14 0.12 0.16 0.14 0.14 0.13 0.11

a Allele frequency of the minor allele.
b Cases: CHD and strokes were combined
*: Significant cases/non-cases comparison at p < 0.05
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shown). We had previously observed that one IL18 SNP
interacts with smoking to modulate the risk of CVD [19].
However, no such interaction was detected with any of the
IL18R1 and IL18RAP SNPs. Results shown in this report
were obtained when CHD and stroke events were com-
bined together but treating them separately did not pro-
vide further evidence of any specific genetic effects (data
not shown).

It cannot be ruled out that the lack of association observed
in this work could be due to sample size limitations. How-
ever, power calculations showed the MORGAM project to
have a power of ~90% to detect the effect of a SNP with a
minor allele frequency (MAF) of 0.10 and associated with
an OR of at least 1.30. The same power would be achieved
for an OR of 1.20 once the MAF was higher than 0.23.
Additionally, our study is well powered to detect second-
order interactions and has, for example, a power of ~70%

Pairwise Linkage Disequilibrium between the IL18R1 and IL18RAP SNPsFigure 2
Pairwise Linkage Disequilibrium between the IL18R1 and IL18RAP SNPs. Pairwise Linkage Disequilibrium (LD) 
expressed in terms of r2 and estimated in the whole MORGAM cohort using the Haploview software (Barrett JC, Fry B, Maller 
J, Daly MJ. Haploview: analysis and visualization of LD and haplotype maps. Bioinformatics 2005; 21:263–265). The pattern of 
LD was homogeneous across the five European cohorts (data not shown).
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Association between IL18R1 haplotypes and CVD risk in the whole MORGAM cohortsFigure 3
Association between IL18R1 haplotypes and CVD risk in the whole MORGAM cohorts. Haplotypic ORs [95% con-
fidence interval] adjusted for cohorts, age, gender and smoking habits are shown by comparison to the reference TTIGC hap-
lotype. The global test of association was not significant (χ2 = 7.231 with 7 df, p = 0.405). Polymorphisms are ordered 
according to their position on the genomic sequence.
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Table 3: IL18R1 gene haplotype frequencies in the MORGAM subcohorts

Polymorphisms

rs1420098 rs1420096 rs11465656 rs3732127 rs11465660 FINRISK 
N = 700

ATBC 
N = 849

Sweden 
N = 136

PRIME/
N.Ireland 
N = 143

PRIME/France 
N = 188

T T I G C 0.239 0.256 0.200 0.220 0.200
T T I G A 0.009 0.005 0.027 0.016 0.028
T T I C C 0.195 0.151 0.127 0.145 0.143
T C I G C 0.186 0.196 0.220 0.198 0.218
C T I G A 0.086 0.115 0.106 0.083 0.037
C T I C C 0.010 0.018 0.018 0.036 0.034
C C I G C 0.232 0.211 0.263 0.251 0.262
C C D G C 0.037 0.041 0.028 0.051 0.050

Association between IL18RAP haplotypes and CVD risk in the whole MORGAM cohortsFigure 4
Association between IL18RAP haplotypes and CVD risk in the whole MORGAM cohorts. Haplotypic ORs [95% 
confidence interval] adjusted for cohorts, age, gender and smoking habits are shown by comparison to the reference TAGTTA 
haplotype. The global test of association was not significant (χ2 = 1.763 with 6 df, p = 0.940). Polymorphisms are ordered 
according to their position on the genomic sequence.
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Table 4: IL18RAP gene haplotype frequencies in the MORGAM subcohorts

Polymorphisms

rs11465670 rs4851581 rs1420106 rs1420105 rs11465673 rs11465702 FINRISK 
N = 700

ATBC 
N = 849

Sweden 
N = 136

PRIME/
N.Ireland 
N = 143

PRIME/
France 

N = 188

T A G C T A 0.015 0.024 0.038 0.033 0.062

T A G C T G 0.199 0.148 0.124 0.133 0.137

T A G C C A 0.095 0.119 0.135 0.111 0.071

T A G T T A 0.265 0.253 0.297 0.307 0.298

T A A T T A 0.190 0.198 0.210 0.196 0.220

T G G C T A 0.140 0.146 0.075 0.081 0.081

C A G C T A 0.094 0.109 0.120 0.137 0.127

Association between IL18R1 haplotypes and CVD risk in the whole MORGAM cohorts according to smoking statusFigure 5
Association between IL18R1 haplotypes and CVD risk in the whole MORGAM cohorts according to smoking 
status. Haplotypic ORs [95% confidence interval] by comparison to the reference TTIGC haplotype were adjusted for 
cohorts, age, gender, separately in non-smokers (diamonds) and smokers (squares). The global tests of association were not 
significant (χ2 = 4.796 with 6 df, p = 0.570 in non-smokers; χ2 = 1.075 with 6 df, p = 0.983 in smokers). Polymorphisms are 
ordered according to their position on the genomic sequence.
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Association between IL18RAP haplotypes and CVD risk in the whole MORGAM cohorts according to smoking statusFigure 6
Association between IL18RAP haplotypes and CVD risk in the whole MORGAM cohorts according to smoking 
status. Haplotypic ORs [95% confidence interval] by comparison to the reference TAGTTA haplotype were adjusted for 
cohorts, age, gender, separately in non-smokers (diamonds) and smokers (squares). The global tests of association were not 
significant (χ2 = 2.639 with 6 df, p = 0.853 in non-smokers; χ2 = 2.028 with 6 df, p = 0.917 in smokers). Polymorphisms are 
ordered according to their position on the genomic sequence.
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Association between IL18R1 haplotypes and CVD risk in the whole MORGAM cohorts according to BMIFigure 7
Association between IL18R1 haplotypes and CVD risk in the whole MORGAM cohorts according to BMI. Haplo-
typic ORs [95% confidence interval] by comparison to the reference TTIGC haplotype were adjusted for cohorts, age and gen-
der, separately in subjects below (diamonds) and above (squares) the population-specific median of BMI. The global test of 
association was neither significant in the group of individuals below (χ2 = 3.767 with 6 df, p = 0.708) nor above (χ2 = 10.28 with 
6 df, p = 0.113) the median of BMI. Polymorphisms are ordered according to their position on the genomic sequence.
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Association between IL18RAP haplotypes and CVD risk in the whole MORGAM cohorts according to BMIFigure 8
Association between IL18RAP haplotypes and CVD risk in the whole MORGAM cohorts according to BMI. Hap-
lotypic ORs [95% confidence interval] by comparison to the reference TAGTTA haplotype were adjusted for cohorts, age and 
gender, separately for subjects below (diamonds) and above (squares) the population-specific median of BMI. The global test of 
association was neither significant in the group of individuals below (χ2 = 5.379 with 6 df, p = 0.496) nor above (χ2 = 11.18 with 
6 df, p = 0.083) the median of BMI. Polymorphisms are ordered according to their position on the genomic sequence.



BMC Medical Genetics 2009, 10:44 http://www.biomedcentral.com/1471-2350/10/44
to detect a SNP × smoking interaction where a SNP with
MAF of 0.28 is associated with an OR of 1.30 in MOR-
GAM smokers only [19]

Conclusion
In conclusion, whereas IL18R1 and IL18RAP polymor-
phisms have been found associated with diseases such as
schizophrenia, HSV1 seropositivity and atopic asthma
[16,17], our analysis of IL18R1 and IL18RAP SNPs in 5
European prospective cohorts suggests that the variability
of these genes are unlikely to contribute to modulate the
risk of CVD in European populations.

Competing interests
The authors declare that they have no competing interests.

Financial competing interest: none

Authors' contributions
MLG carried out statistical analyses and prepared the ini-
tial manuscript draft. CP, MA and MD performed the gen-
otyping. VS, FK, LT and DAT conceived the research plan
and contributed to manuscript's writing. VN and DAT
contributed to statistical data and data management anal-
yses. KK, FC, PGW, JM, AE contributed to the conception,
the design and the coordination of the study. VS, KK, FC,
PGW, JM, FK, LT and AE performed critical review of mul-
tiple drafts of the manuscript. All authors read and
approved the final manuscript

Additional material

Acknowledgements
The research was supported by the MORGAM Project grant under the 
Biomed 2 Programme, by the GenomEUtwin Project grant under the Pro-
gramme 'Quality of Life and Management of the Living Resources' of 5th 

Framework Programme (no QLG2-CT-2002-01254) and through the 
European Community's Seventh Framework Programme (FP7/2007-2013), 
ENGAGE project, grant agreement HEALTH-F4-2007- 201413.

MORGAM Website: http://www.ktl.fi/morgam/

Sites and key personnel of contributing MORGAM Centres:

Finland

FINRISK, National Public Health Institute, Helsinki: V. Salomaa (principal 
investigator), A. Juolevi, E. Vartiainen, P. Jousilahti;

ATBC, National Public Health Institute, Helsinki: J. Virtamo (principal inves-
tigator), H. Kilpeläinen;

MORGAM Data Centre, National Public Health Institute, Helsinki: K. Kuu-
lasmaa (head), Z. Cepaitis, A. Haukijärvi, B. Joseph, J. Karvanen, S. Kulathi-
nal, M. Niemelä, O. Saarela;

MORGAM Central Laboratory, National Public Health Institute, Helsinki: 
L. Peltonen (responsíble person), M. Perola, K. Silander, M. Alanne, P. Laiho, 
K. Kristiansson, K. Ahonen;

France

National Coordinating Centre, National Institute of Health and Medical 
Research (U258), Paris: P. Ducimetière (national coordinator), A. Bingham;

PRIME/Strasbourg, Department of Epidemiology and Public Health, Louis 
Pasteur University, Faculty of Medicine, Strasbourg: D. Arveiler (principal 
investigator), B. Haas, A. Wagner;

PRIME/Toulouse, Department of Epidemiology, Toulouse University 
School of Medicine, Toulouse: J. Ferrières (Principal Investigator), J-B. Rui-
davets, V. Bongard, D. Deckers, C. Saulet, S. Barrere,;

PRIME/Lille, Department of Epidemiology and Public Health, Pasteur Insti-
tute of Lille: P. Amouyel (principal investigator), M. Montaye, B. Lemaire, S. 
Beauchant, D. Cottel, C. Graux, N. Marecaux, C. Steclebout, S. Szeremeta;

MORGAM Laboratory, INSERM U525, Paris: F. Cambien (responsible per-
son), L. Tiret, V. Nicaud;

Sweden

Northern Sweden, Umeå University Hospital, Department of Medicine, 
Umeå: B. Stegmayr (principal investigator), K. Asplund (former principal 
investigator), S. Nasic, G. Rönnberg, Å. Johansson, V. Lundberg, E. Jägare-
Westerberg, T. Messner;

United Kingdom

PRIME/Belfast, Queen's University Belfast, Belfast, Northern Ireland: F. Kee 
(principal investigator) A. Evans (former principal investigator), J. Yarnell, E. 
Gardner;

MORGAM Coordinating Centre, Queen's University Belfast, Belfast, 
Northern Ireland: A. Evans (MORGAM coordinator), S. Cashman, F Kee;

MORGAM Management Group: A. Evans (chair), S. Blankenberg 
(Mainz, Germany), F. Cambien, M. Ferrario (Varese, Italy), K. Kuulasmaa, L. 
Peltonen, M. Perola, V. Salomaa, D. Shields (Dublin, Ireland), P-G Wiklund 

Additional file 1
Allele frequencies of the IL18R1 and IL18RAP SNPs in the MORGAM 
subcohorts.
Click here for file
[http://www.biomedcentral.com/content/supplementary/1471-
2350-10-44-S1.doc]

Additional file 2
Haplotype frequencies and odds ratios of IL18R1 and IL18RAP genes. 
Table 1: Haplotype frequencies of the IL18R1 gene in the MORGAM 
cohorts (cases and non-cases). Table 2: Odds Ratio for CVD risk associ-
ated with IL18R1 gene haplotypes in the MORGAM cohorts. Table 3: 
Haplotype frequencies of the IL18RAP gene in the MORGAM cohorts 
(cases and non-cases). Table 4: Odds Ratio for CVD risk associated with 
IL18RAP gene haplotypes in the MORGAM cohorts.
Click here for file
[http://www.biomedcentral.com/content/supplementary/1471-
2350-10-44-S2.doc]
Page 14 of 15
(page number not for citation purposes)

http://www.biomedcentral.com/content/supplementary/1471-2350-10-44-S1.doc
http://www.biomedcentral.com/content/supplementary/1471-2350-10-44-S2.doc
http://www.ktl.fi/morgam/


BMC Medical Genetics 2009, 10:44 http://www.biomedcentral.com/1471-2350/10/44
Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

(Umea, Sweden), H. Tunstall-Pedoe (Dundee, Scotland), K. Asplund (hon-
orary consultant, Stockholm Sweden), B. Stegmayr (former member).

References
1. Thompson S, Humphries S: Interleukin-18 genetics and inflam-

matory disease susceptibility.  Genes Immun 2007, 8:91-99.
2. Whitman SC, Ravisankar P, Daugherty A: Interleukin-18 enhances

atherosclerosis in apolipoprotein E(-/-) mice through release
of interferon-gamma.  Circ Res 2002, 90:E34-38.

3. de Nooijer R, Thusen JH von der, Verkleij CJ, Kuiper J, Jukema JW,
Wall EE van der, van Berkel JC, Biessen EA: Overexpression of IL-
18 decreases intimal collagen content and promotes a vul-
nerable plaque phenotype in apolipoprotein-E-deficient
mice.  Arterioscler Thromb Vasc Biol 2004, 24:2313-2319.

4. Mallat Z, Heymes C, Corbaz A, Logeart D, Alouani S, Cohen-Solal A,
Seidler T, Hasenfuss G, Chvatchko Y, Shah AM, Tedgui A: Evidence
for altered interleukin 18 (IL)-18 pathway in human heart
failure.  Faseb J 2004, 18:1752-1754.

5. Mallat Z, Corbaz A, Scoazec A, Besnard S, Leseche G, Chvatchko Y,
Tedgui A: Expression of interleukin-18 in human atheroscle-
rotic plaques and relation to plaque instability.  Circulation
2001, 104:1598-1603.

6. Nishihira K, Imamura T, Hatakeyama K, Yamashita A, Shibata Y, Date
H, Manabe I, Nagai R, Kitamura K, Asada Y: Expression of inter-
leukin-18 in coronary plaque obtained by atherectomy from
patients with stable and unstable angina.  Thromb Res 2007,
16:16.

7. Blankenberg S, Luc G, Ducimetiere P, Arveiler D, Ferrieres J,
Amouyel P, Evans A, Cambien F, Tiret L: Interleukin-18 and the
risk of coronary heart disease in European men: the Pro-
spective Epidemiological Study of Myocardial Infarction
(PRIME).  Circulation 2003, 108:2453-2459.

8. Blankenberg S, Tiret L, Bickel C, Peetz D, Cambien F, Meyer J, Rup-
precht HJ: Interleukin-18 is a strong predictor of cardiovascu-
lar death in stable and unstable angina.  Circulation 2002,
106:24-30.

9. Tiret L, Godefroy T, Lubos E, Nicaud V, Tregouet DA, Barbaux S,
Schnabel R, Bickel C, Espinola-Klein C, Poirier O, Perret C, Münzel T,
Rupprecht HJ, Lackner K, Cambien F, Blankerberg S, Atherogene
Investigators: Genetic analysis of the interleukin-18 system
highlights the role of the interleukin-18 gene in cardiovascu-
lar disease.  Circulation 2005, 112:643-650.

10. Yamagami H, Kitagawa K, Hoshi T, Furukado S, Hougaku H, Nagai Y,
Hori M: Associations of serum IL-18 levels with carotid
intima-media thickness.  Arterioscler Thromb Vasc Biol 2005,
25:1458-1462.

11. Dinarello C: Interleukin-18.  Methods 1999, 19:121-132.
12. Sims JE: IL-1 and IL-18 receptors, and their extended family.

Curr Opin Immunol 2002, 14:117-122.
13. Kato Z, Jee J, Shikano H, Mishima M, Ohki I, Ohnishi H, Li A, Hashi-

moto K, Matsukuma E, Omoya K, Yamamoto Y, Yoneda T, Hara T,
Kondo N, Shirakawa M: The structure and binding mode of
interleukin-18.  Nat Struct Biol 2003, 10:966-971.

14. Torigoe K, Ushio S, Okura T, Kobayashi S, Taniai M, Kunikata T,
Murakami T, Sanou O, Kojima H, Fujii M, Ohta T, Ikeda M, Ikegami H,
Kurimoto M: Purification and characterization of the human
interleukin-18 receptor.  J Biol Chem 1997, 272:25737-25742.

15. Hoshino K, Tsutsui H, Kawai T, Takeda K, Nakanishi K, Takeda Y,
Akira S: Cutting edge: generation of IL-18 receptor-deficient
mice: evidence for IL-1 receptor-related protein as an essen-
tial IL-18 binding receptor.  J Immunol 1999, 162:5041-5044.

16. Shirts BH, Wood J, Yolken RH, Nimgaonkar VL: Comprehensive
evaluation of positional candidates in the IL-18 pathway
reveals suggestive associations with schizophrenia and her-
pes virus seropositivity.  Am J Med Genet B Neuropsychiatr Genet
2008, 147:343-350.

17. Zhu G, Whyte MK, Vestbo J, Carlsen K, Carlsen KH, Lenney W, Sil-
verman M, Helms P, Pillai SG: Interleukin 18 receptor 1 gene pol-
ymorphisms are associated with asthma.  Eur J Hum Genet 2008,
16:1083-1090.

18. Evans A, Salomaa V, Kulathinal S, Asplund K, Cambien F, Ferrario M,
Perola M, Peltonen L, Shields D, Tunstall-Pedoe H, Kuulasmaa K,
MORGAM Project: MORGAM (an international pooling of car-
diovascular cohorts).  Int J Epidemiol 2005, 34:21-27.

19. Grisoni ML, Proust C, Alanne M, DeSuremain M, Salomaa V, Kuulas-
maa K, Cambien F, Nicaud V, Stegmayr B, Virtamo J, Shields D, Kee
F, Tiret L, Evans A, Tregouet DA, MORGAM Project: Haplotypic
analysis of tag SNPs of the interleukin-18 gene in relation to
cardiovascular disease events: The MORGAM Project.  Eur J
Hum Genet 2008, 16:1512-1520.

20. Kulathinal S, Karvanen J, Saarela O, Kuulasmaa K, Project FT: Case-
cohort design in practice – experiences from the MORGAM
Project.  Epidemiol Perspect Innov 2007, 4:15.

21. Prentice RL: A case-cohort design for epidemiologic cohort
studies and disease prevention trials.  Biometrika 1986, 73:1-11.

22. Kulathinal S, Niemela M, Kuulasmaa K, contributors from Participat-
ing Centres for the MORGAM Project: Description of MORGAM
Cohorts.  2005 [http://www.ktl.fi/publications/morgam/cohorts/
index.html].

23. Tregouet DA, Garelle V: A new JAVA interface implementation
of THESIAS: testing haplotype effects in association studies.
Bioinformatics 2007, 23:1038-1039.

24. Mantel N, Haenszel W: Statistical aspects of the analysis of data
from retrospective studies of disease.  J Natl Cancer Inst 1959,
22:719-748.

25. Paul SR, Donner A: A comparison of tests of homogeneity of
odds ratio in k 2 × 2 tables.  Stat Med 1989, 8:1455-1468.

26. Barbaux S, Tregouet DA, Nicaud V, Poirier O, Perret C, Godefroy T,
Francomme C, Combadiere C, Arveiler D, Luc G, Ruidavets JB, Evans
AE, Kee F, Morrison C, Tiret L, Brand-Herrmann SM, Cambien F:
Polymorphisms in 33 inflammatory genes and risk of myo-
cardial infarction-a system genetics approach.  J Mol Med 2007,
85:1271-1280.

27. Tahri-Daizadeh N, Tregouet DA, Nicaud V, Manuel N, Cambien F,
Tiret L: Automated detection of informative combined
effects in genetic association studies of complex traits.
Genome Res 2003, 13:1952-1960.

Pre-publication history
The pre-publication history for this paper can be accessed
here:

http://www.biomedcentral.com/1471-2350/10/44/pre
pub
Page 15 of 15
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17215860
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17215860
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11834721
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11834721
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11834721
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15472128
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15472128
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15472128
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15371332
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15371332
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15371332
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11581135
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11581135
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14581397
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14581397
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14581397
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12093765
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12093765
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16043644
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16043644
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16043644
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15860738
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15860738
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10525448
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11790541
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14528293
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14528293
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9325300
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9325300
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10227969
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10227969
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10227969
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18092318
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18092318
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18092318
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18382474
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18382474
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15561751
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15561751
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18628791
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18628791
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18628791
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18053196
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18053196
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18053196
http://www.ktl.fi/publications/morgam/cohorts/index.html
http://www.ktl.fi/publications/morgam/cohorts/index.html
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17308338
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17308338
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=13655060
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=13655060
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2616935
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2616935
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17634906
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17634906
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17634906
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12902385
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12902385
http://www.biomedcentral.com/1471-2350/10/44/prepub
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	MORGAM study populations
	Quality control of the extracted DNA
	Genotyping
	Statistical analysis

	Results
	IL18R1 gene
	IL18RAP gene
	Gene × Gene and Gene × environment analysis

	Discussion
	Conclusion
	Competing interests
	Authors' contributions
	Additional material
	Acknowledgements
	References
	Pre-publication history

