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Interleukin-18 (IL-18) is a key inflammatory molecule suspected of being involved in the etiology of
cardiovascular diseases (CVD). Five single nucleotide polymorphisms (SNPs) capturing the common
genetic variation of the IL-18 gene (tag SNPs) were genotyped in five European prospective CVD cohorts
including 1933 cases and 1938 non-cases as part of the MORGAM Project. Not a single SNP was found
associated with CVD. However, a significant (P=0.002) gene-smoking interaction was observed. In
smokers, the —105T allele was more frequent in cases than in non-cases (0.29 vs 0.25) and associated with
an increased risk of disease (odds ratio (OR) =1.25 (1.07-1.45), P=0.005), whereas the inverse
relationship tended to be observed in non-smokers (OR=0.90 (0.78-1.02), P=0.131). The gene-smoking
interaction was broadly homogenous across the cohorts and was also observed through haplotype
analyses. In conclusion, using the concerted effort of several European prospective CVD cohorts, we are
able to show that one IL-18 tag SNP interacts with smoking to modulate the risk of developing CVD.
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Introduction

Interleukin-18 (IL-18), a pro-inflammatory cytokine, is a
source of considerable research interest thanks to its impli-
cation in the etiology of several diseases, including immune
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diseases, type I diabetes and cardiovascular diseases (CVD).!
There is mounting evidence from epidemiological and
animal studies that IL-18 plays a key role in CVDs
through its contribution to atherosclerosis.>~7 In particular,
increased IL-18 levels were shown to be strong predictors
of cardiovascular mortality™® and associated with carotid
intima-media thickness.® More recently, a fresh light has
been shed on the relationship between IL-18 and CVD by
the finding that IL-18 gene haplotypes are associated with
cardiovascular mortality in patients with coronary artery
disease, independently of IL-18 levels.”
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The purpose of this report was to investigate the
association between IL-18 haplotypes derived from five
tag IL-18 gene single nucleotide polymorphisms (SNPs)’
and the risk of CVD in the MORGAM Project.” MORGAM is
a collaborative study pooling many European prospective
CVD cohorts to identify genetic factors underlying CVD.
The pooling of cohorts should provide ample power to
detect the moderate genetic effects, gene—gene and gene—
environment interactions believed to influence CVD
incidence. A case—cohort design'® has been adopted in
MORGAM!! to enable the study of multiple end points,
including coronary heart disease (CHD) and stroke, while
minimizing the genotyping costs. Under such sampling,
genotypic information is available only on a random
sample of the entire cohort, generally referred to as a
subcohort, and for all additional individuals who experi-
enced the events of interest during the follow-up and who
were not part of the original subcohort. Case-cohort data
analysis requires special statistical methods for handling
such non-random data. If the objective is to test the
association of a set of covariates (including genotypes) with
the disease status, without taking into account the time-to-
event information, a standard logistic regression model can
be used, provided that the logarithm of the inverse of the
probability of being selected in the subcohort is used as an
offset.'® If time-to-event information is needed, non-
standard methods must be used including pseudolikeli-
hood'%!#!3 and partial-likelihood score functions.'*'*

In the field of genetic epidemiology, the complexity of a
time-to-event case—cohort analysis increases when the
objective is to assess the contribution of haplotypes to
the risk of disease. Indeed, in the absence of family data,
haplotypes cannot generally be deduced from the geno-
typic information and must be statistically inferred. In
ARIC,' a single imputation strategy'®!” was applied to
investigate haplotypic associations without any previous
validation study of an approach that was initially proposed
for the analysis of genotypes in random samples of
individuals.*®'” This is why, in MORGAM, before embark-
ing on the study of IL-18 haplotypes using the single
imputation strategy, a simulation study was first carried
out to investigate the properties of this technique when
applied to a case—cohort design.

Materials and methods
Cox’s regression analysis under a case-cohort design

Assume that, as in a standard Cox proportional hazard
model'® for a classic random prospective design, the
hazard at time ¢t for an individual with a covariate vector
X is given by A(t)=2lo(®exp(fX), where Jlo(t) is an
unspecified baseline hazard function and f is a vector of
unknown regression parameters to be estimated.

Under a case-cohort design, the set of covariates X is
only collected for a random sample of individuals selected

at baseline, referred to as the subcohort, and for all subjects
with events of interest outside that subcohort. Individuals
forming the subcohort can be selected using either equal or
unequal probabilities depending on a set of baseline
covariates collected on all individuals in the cohort. It is
important to emphasize that the subcohort may include
both individuals who will develop the event of interest
(referred to as ‘cases’) and individuals who would never
experience it during the follow-up.

For a case—cohort of n individuals, a consistent estimator
of f, /§, is available through the maximization of the
following pseudolikelihood:

d;

.o exp(p'Xi)
1 =11 PRUGESTA v
JER(t;

where §; = 1{T;<C;} is the event indicator, T; the event time,
C; the censoring time of the ith individual with covariates
vector X; and where ﬁ(ti) is a risk set containing cases with
events at time f; plus all subcohort members at risk at the
same time. A case outside the subcohort is considered to
be at risk only at the time of his/her failure and not
before. The wj(t) are weights that are a function of the
inverse of the sampling probabilities of being selected in the
subcohort.'*'® In a random prospective cohort, all w; are
equal to 1 and R(t;) only includes the individuals without
event by}ime t.

Once f and its variance-covariance matrix obtained
using the jackniffe method'? are available, the generalized
Wald test statistic can be used for testing any specific
hypothesis about f.

Application to haplotype association analysis

In the context of association studies based on a case—cohort
design, genotypic information is collected only for the
individuals in the subcohort and for all additional cases. If
single-locus analysis is solely of interest, the genotypes
would then form the X covariates in formula (1). When
haplotypes are of interest, a simple way to investigate their
association with the survival outcome, at the same time
dealing with their ambiguity due to multi-heterozygous
individuals, would be to apply the single imputation
method initially proposed by Zaykin et al'’ for standard
case—control data. This consists, first, in estimating the
haplotypic frequencies derived from the genotypes observed
in the subcohort using standard methodology for random
samples.'® These frequencies are then used to compute for
each genotyped individual (in and out the subcohort) the
conditional probabilities of his/her pair of haplotypes
given his/her genotypes, under the assumption of Hardy—
Weinberg equilibrium (HWE). The unobserved haplotypes
are then considered as the X covariates in the pseudolikeli-
hood (formula 1) with the estimated conditional prob-
abilities used now as weights in the regression model fX.
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To investigate the statistical properties of this imputation g S«
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MORGAM study populations MORGAM is a multi- 28 T sy
national collaboration of several European cardiovascular g - §’ k3 g o o o o
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A detailed description of MORGAM cohorts is also avail- S z
able online (see Appendix). In the present work, five -2 g
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5000) was analyzed using a Cox partial likelihood.

g HR of 0.262 corresponds to an HR of 1.3.
Type | error significantly different from the nominal 5%.

#Values correspond to power (bold) when the corresponding theoretical log OR is different from 0 and to type | error otherwise.
PThe case—cohort data set (N=1078) was analyzed using a pseudolikelihood method, whereas the whole cohort (N
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a total number of 25 141 subjects with available DNA. All
individuals were followed up over a median period of 6.0
years for mortality with specified causes of death and for
several cardiovascular phenotypes. In each cohort, subjects
were randomly selected to form part of a subcohort
according to cohort-specific sampling probabilities
depending on age, older subjects having a higher selection
probability to ensure that similar age distributions were
obtained in cases and subcohort. Globally, the subcohort
comprised of 2271 subjects. In this study, we were
interested in stroke and CHD events (see detailed event
definition online). Subjects with cardiovascular events
before the baseline examination were included in the
analysis, but the event was not considered as end point
event in the analysis. In the presence of multiple events
during the follow-up, only the first event was considered.
Both fatal and non-fatal events were included. The case—
cohort data set was thus composed of 1933 cases (333 cases
from the subcohort and 1600 from outside) and 1938 non-
cases who were genotyped for the IL-18 gene SNPs.

Genotyping Five tag SNPs were genotyped in this
study, which captured the haplotypic diversity of the regu-
latory, coding and flanking intronic regions of the IL-18
gene: G-887T (rs1946519), C-105T (rs360717), S35S
(A/C) (rs549908), A+183G (rs5744292) and T+ 533C
(rs4937100). Genotyping was performed using the TagMan
5'-nuclease detection assay on a 7000 Sequence Detection
System (Applied Biosystems). The genotyping success rate
was at least 98% for all SNPs and we observed less than
0.85% genotyping errors based on the blinded duplicate
comparison. All information for genotyping (PCR primers,
probes, conditions of amplification and hybridization) can
be found on the GeneCanvas website (http://genecanvas.
ecgene.net).

Statistical analysis Deviation from HWE was tested
in each subcohort by a standard > with 1 degree of
freedom (d.f.). SNPs were first tested for association
with the case/non-case status without taking into account
the censoring/event time information using a logistic
regression model including the inverse of the sampling
probabilities as an offset. Single-locus and haplotypic
analyses with THESIAS software?® were carried out.
As a second step, time-to-event survival analysis was
conducted using the pseudolikelihood methodology
described above. Time from the baseline examination was
used in the analysis. For single-locus analyses, the ‘coxph’
R language function, with an offset as defined above, was
used.?! For haplotype analysis, haplotypic frequencies were
first estimated in the subcohort and then used for
computing individual conditional probabilities employing
the ‘haplo.em’ R function. These probabilities were then
incorporated as weights in the regression model of the
‘coxph’ R function.
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Analyses were first carried out in each population
separately, adjusting for age at baseline, gender and
smoking status when appropriate. The Mantel-Haenszel
statistic was used for testing the homogeneity of the results
across cohorts and subsequently for providing combined
odds ratio (OR) and HR estimates in the whole study.

Results
Results of the simulations

Different patterns of association including various values
of HR (1.0, 1.3, 1.5 and 1.8) associated with different
common or rare haplotypes were investigated. As all these
resulted in similar conclusions, we present only the results
when one common haplotype with a frequency of 0.25 was
associated with an HR of 1.3 by comparison with the most
frequent haplotype (Table 1).

The six haplotypes were always correctly inferred from
the genotypes, and the bias associated with haplotypic
frequency estimates was very small (data not shown).
Similarly, the bias associated with HR estimates was
relatively small and increased as the corresponding
haplotypic frequency decreased, but no bias was signifi-
cantly different from 0. These properties were observed
both for the pseudolikelihood method on case-cohort data
and for the partial likelihood on the whole cohort.
However, the SE and RMSE of the HR estimates in the
case—cohort analysis were higher than those of the whole
cohort, leading to a loss of power in the case—cohort
analysis compared with the full-cohort analysis. For
example, for the settings considered in Table 1, the power
to detect the effect of the ‘at risk’ haplotype decreased from
87 to 52% when the analysis was restricted to the case-
cohort design. Similarly, the power of the test to detect a
global haplotypic effect (ie a x> test with 5 d.f.) was 83%
using the genotypic information on the full cohort,
whereas it decreased to 37% using the case—cohort data.

Under the null hypothesis of no haplotypic effect, the
type I error of the global haplotypic test was always in
agreement with the nominal 0.05 level, for both methods.
As expected, testing all single haplotypes without correct-
ing for multiple testing would lead to the erroneous
identification of an effect in about 22% of the replicates
simulated under the null hypothesis (data not shown).
Correcting for the number of estimated haplotypic effects
(ie five in these simulations) led to a type I error rate of
5.8%, which was consistent with the expected 5% level.

MORGAM data

A brief description of the populations used for this analysis
is given in Table 2. Three cohorts out of five, ATBC, PRIME/
France and PRIME/N.Ireland, included only men. In the
ATBC cohort, the prevalence of smokers was very high
(77.7%) because smoking a few years earlier was one of the
inclusion criteria. In the other cohorts, the percentage of
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Table 2 Description of the MORGAM cohorts

Number of individuals

Follow-up
median/max
(vears)

baseline
(vears)?

350 (23.8%) 1064 (72.3%) 60.0 [24—74]

Age at
1234 (77.7%) 1588 (100%) 63.5 [54-76]

Incident
cases
outside
subcohort

CHD® Stroke® Smokers® Males
550 (37.4%) 256 (17.4%)

Non-cases

All

Subcohort®

FINRISK (Finland) 798 (666/132)

Cohort

7.83/10.96

1472 666 (45.2%)

674

6.73/8.29
5.97/10.87
5.11/5.99
5.28/7.61
6.00/10.96

143 (65.3%) 56.5 [24-73]
309 (100%) 55.3 [49-60]

74 (26.1%) 283 (100%) 55.0 [50-60]

44 (20.1%)
75 (24.3%)

15 (5.3%)
17 (5.5%)
1938 (50.1%) 1322 (34.1%) 611 (15.8%) 1777 (45.9%) 3387 (87.5%) 59.7 [24-76]

47 (21.5%)

36 (16.4%)
124 (43.8%)

508 (32.0%) 276 (17.4%)
104 (33.7%)

804 (50.6%)
136 (62.1%)
144 (50.9%)
188 (60.8%)

1588
219
283
309
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presence of several events, only the first event was considered.

Daily cigarette smoker at baseline.
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smokers was much lower (about 25%). Of the 1933 cases of
CVD, 1275 experienced a CHD event, 557 a stroke event
and 101 experienced both. The first event was fatal for 401
CHD cases (31%) and 73 stroke cases (13%).

For ease of presentation, most of the results presented are
those obtained in the whole study, after having checked
the homogeneity of the associations across cohorts.

Single-locus analysis In all the subcohorts, genotypic
distributions were compatible with HWE. Allele frequen-
cies did not differ between subcohorts (P-values from 0.42
to 0.89 for the five SNPs), and none of the polymorphisms
were significantly associated with disease status (Table 3).
We further investigated whether SNPs could potentially
interact with the studied covariates (age, sex, smoking) to
modulate the risk of disease. Three SNPs were found
differentially associated with disease according to smoking
(Supplementary Table 1). In smokers, the —105T allele was
significantly more frequent in cases than in controls (0.29
vs 0.25) and associated with an increased OR for disease of
1.25 (95% confidence interval 1.07-1.45) (P=0.005),
whereas no association was observed in non-smokers
(OR=0.90 (0.78-1.03), P=0.131). The test for homogeneity
of these two ORs was highly significant (P=0.002). The
association found in smokers was consistently observed in
the five cohorts (Figure 1) and was even stronger after
exclusion of the ATBC cohort in which all non-smokers are
former smokers (OR=1.43 (1.06-1.92), P=0.017). Similar
associations were observed for two other SNPs, G-887T and
S35S(A/C), for which the minor allele was associated with
an increased OR in smokers only (Supplementary Table 1).

Time-to-event pseudolikelihood analyses yielded similar
observations (Supplementary Table 1).

Haplotypic analysis Owing to strong linkage disequili-
brium, the five IL-18 SNPs defined six major haplotypes
with frequencies higher than 1% (Supplementary Table 2).
The haplotypic structures were broadly homogeneous
across the five cohorts even though the Finnish cohorts
were more alike than the three others. As the frequency of
the TCAAC haplotype was very low, about 2% in non-
Finnish cohorts and ~0.5% in Finnish populations, its
effect on the risk of disease was not estimated.

No difference in haplotypic frequency was observed
between cases and controls in any of the five cohorts
(Supplementary Table 3) or in the whole MORGAM cohort
(#>=1.051 with 4 d.f.; P=0.902). However, consistent with
single-locus analyses, IL-18 haplotypes were differentially
associated with the disease according to smoking
habit. Although no association with the disease status
was observed in non-smokers (y*=3.801 with 4 d.f,
P=0.433), IL-18 haplotypes were significantly associated
with the disease in smokers (3>=10.358 with 4 d.f.,
P=0.035). In smokers, the TTCAT haplotype was more
frequent in cases than in controls (0.29 vs 0.25) and was
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Table 3 Allelic frequencies® of the IL-18 gene SNPs in the MORGAM cohorts

FINRISK ATBC Sweden PRIME/N.Ireland PRIME/France
N=1472 N=171588 N=279 N=283 N=309
SNPs Non-cases Case® Non-cases Cases Non-cases Cases Non-cases Cases Non-cases Cases
C-105T 0.29 0.29 0.26 0.28 0.32 0.27 0.25 0.29 0.25 0.27
G-887T 0.46 0.47 0.44 0.47 0.44 0.37 0.40 0.37 0.39 0.40
S35S (A/C) 0.31 0.30 0.29 0.31 0.34 0.27 0.29 0.36 0.27 0.29
A+183G 0.22 0.23 0.25 0.22 0.18 0.22 0.20 0.23 0.21 0.22
T+533C 0.30 0.28 0.28 0.29 0.33 0.39 0.39 0.33 0.36 0.35
None of the case—control comparison was significant at 0.05 significance level.
“Allele frequency of the minor allele (in bold).
PCases: CHD and strokes were combined.
Number of Number of
non smokers ~ smokers

FINRISK N=1117 N = 348 | P —

ATBC N =353 N =1232 o Rt

SWEDEN N=175 N =44 — T

PRIME/ +

N. IRELAND N =209 N=74 —_— -

PRIME/

FRANCE N =231 N=74 —t—

ENTIRE* N = 2085 N=1772 L) i

ENTIRE* —

WITHoUT ARG~ N=1732 N =540 i

0 1 2 3 4
ORs

Figure 1 Association between the C-105T polymorphism and CVD risk in non-smokers (squares) and smokers (diamonds) by cohort. *Population-
adjusted.

associated with a population-adjusted OR of 1.27 (1.06-
1.52) (P=0.009) in comparison with the most frequent
GCAAC haplotype (Figure 2). The corresponding OR in
non-smokers was 0.87 (0.78-0.97) (P=0.015), the test of
homogeneity between these two ORs being highly sig-
nificant (P<1073). The effect observed for the TTCAT
haplotype in smokers was homogeneous across the five
cohorts (Figure 3) and was maintained even after excluding
the ATBC cohort (OR=1.55 (1.14-2.11), P=0.005).

In a time-to-event analysis, the population-adjusted HR
associated with the TTCAT haplotype observed in smokers
(1.20 (0.99-1.45), P=0.062) was significantly different
(P=0.022) from that observed in non-smokers (0.89
(0.74-1.05), P=0.174) (Figure 2).

As the TTCAT haplotype is the only one associated with
the disease and the only one carrying the —105T allele, this
haplotype analysis confirmed the differential effect of the
C-105T SNP on disease risk according to smoking habit and

suggests that the effect of the S355(C) and the —887T alleles
observed in single-locus analyses could be due to their LD
with the —105T allele.

Another way to illustrate this gene—smoking interaction
is to look at the OR for disease associated with smoking
according to the C-105T genotypes (Supplementary data).
In the whole MORGAM cohort, smoking was associated
with a population-adjusted OR of 1.53 (1.31-1.80)
(P=2x1077). This effect was stronger in carriers of the
—105T allele (OR=1.93 (1.53-2.44), P=3.5x 10~®) than
in homozygous carriers of the —105C allele (OR=1.25
(1.00-1.55), P=0.05), these two ORs being significantly
different (P=0.003).

Similar analyses were performed treating CHD and stroke
events separately, as well as fatal and non-fatal events,
and excluding cases with CVD at baseline. All analyses
consistently identified a C-105T-smoking interaction
(data not shown).
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Frequencies Frequencies a R
Haplotype in non smokers in smokers p <0.001 p =0.022
(controls/cases)  (controls/cases)
TTICAT 0.29/0.27 0.24/0.28 1
—- ——1—
L L —_—
TCAAT 0.15/0.16 0.16/0.16 - -
GCCAT 0.02/0.02 0.03/0.02 = -
R ———
GCAGT 0.22/0.23 0.24/0.22 al -
GCAAC 0.28/0.28 0.30/0.28  Reference g »
0.5 1 15 2 05 1 1.5 2
Haplotypic ORs Haplotypic HRs

Figure 2 Association (HRs and ORs) between IL-18 haplotypes and CVD risk in non-smokers (squares) and smokers (diamonds). ‘a’ indicates
Mantel—Haenszel test for homogeneity between smokers and non-smokers. Polymorphisms are ordered according to their position in the genomic

sequence.

Number of Number of
non smokers smokers
FINRISK N=1122 N = 350 —_——
ATBC N =354 N = 1234
SWEDEN N=175 N = 44 i
PRIME/
N. IRELAND N =209 N =74 — o ——
PRIME/ :
FRANCE N =234 N=75
ENTIRE* N = 2094 N=1777 s ] A
ENTIRE* D —
WITHOUT ATBC N =1740 N =543 gl
0 1 2 3 4

Haplotypic ORs

Figure 3  Association between TTCAT haplotype and CVD risk in non-smokers (squares) and smokers (diamonds) by cohort. *Population-adjusted.

Discussion

This work reports the results of an association analysis of
tag IL-18 gene SNPs with CVD in five European cohorts,
contributing to the MORGAM Project, as this gene has
been seen as a good candidate for CVD.?~’

The allele-frequency distribution of the five SNPs studied
and the resulting haplotypic structures did not differ
significantly across the five cohorts. The —105T allele,
and therefore the unique haplotype carrying this allele,
was found to be associated with an increased risk of CVD in
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smokers, whereas an inverse relationship tended to be
observed in non-smokers. The C-105T polymorphism
and four other SNPs were genotyped in MORGAM because
they were found to well reflect IL-18 gene variability.’”
The C-105T SNP is nearly in complete association with the
rs187238 that has been found associated with IL-18
transcription activity,?>** type I diabetes and atopic
asthma even if conflicting results have been reported (see
Thompson and Humphries' for a review). One possible
explanation for these discrepancies could be that the effect



of this SNP is modulated by an unmeasured factor the
prevalence of which varied across the different studies
investigating the role of IL-18 SNPs. Supporting this
hypothesis, we demonstrate that the C-105T SNP (and
therefore any SNP in complete association with it) might
interact with smoking to influence the risk of CVD. The
consistency of this finding across the five cohorts reduces
the likelihood that this is a chance finding. However,
even if nicotine has been found to be associated with
IL-18 levels***> and interactions between smoking and
inflammatory gene SNPs have already been observed in
the context of atherosclerosis,>® genetic results of this
significance do not often replicate, given the small prior
that an individual SNP, no matter how good a candidate
gene it resides in, has to show a gene—smoking interaction
effect on CVD. Further work in large sample studies
are therefore required to confirm the result observed in
this report.

The MORGAM Project has adopted a case—cohort design
to investigate genetic associations with CVD, a design that
needs recourse to non-standard methods to deal with time-
to-event analysis. To cope with the additional complexity
of haplotypic inference, we decided upon a single imputa-
tion technique coupled with a pseudolikelihood approach
for testing the association of haplotypes with a survival
outcome in a case—cohort setting. The validity of this
approach was checked by simulation. We incorporated our
method into an R procedure that can be used routinely and
that also enables a posteriori power calculations to be made
easily. For example, in a case—cohort data set of ~1800
individuals with equal proportions of cases and non-cases
such as in our subgroup of smokers, the power to detect an
HR of 1.3 associated with a haplotype with a frequency of
0.28 was 70%. More complex statistical methods for the
case—cohort design exist?”’ ~?° and their application to
haplotypic association analysis would warrant further
investigation.

In conclusion, we have demonstrated that the MORGAM
Project is a powerful tool for investigating the association
of candidate genes with CVD and to detect, if any, their
interaction with environmental factors. In particular, we
report here that one IL-18 tag SNP was associated with CVD
and that its effect could be modulated by cigarette
smoking. Six other European cohorts with DNA available
are in the process of joining the MORGAM Project, which
will make it even more powerful.
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Appendix
MORGAM Website:
morgam/index.html

Sites and key personnel of contributing MORGAM
centers:

Finland

FINRISK, National Public Health Institute, Helsinki:
V Salomaa (principal investigator), A Juolevi, E Vartiainen,
P Jousilahti; ATBC, National Public Health Institute,
Helsinki: ] Virtamo (principal investigator), H Kilpeldinen,
M Virtanen;, MORGAM Data Centre, National Public
Health Institute, Helsinki: K Kuulasmaa (head), Z Cepaitis,
A Haukijarvi, B Joseph, ] Karvanen, S Kulathinal,
M Niemeld, O Saarela, MORGAM Central Laboratory,
National Public Health Institute, Helsinki: L Peltonen
(responsible person), M Perola, K Silander, M Alanne,
P Laiho, K Kristiansson, K Ahonen.

http://www.ktl.fi/publications/

France

National Coordinating Centre, National Institute of
Health and Medical Research (U258), Paris: P Ducimetiére
(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: ] Ferrieres
(principal investigator), J-B Ruidavets, V Bongard,
D Deckers, C Saulet, S Barrere; PRIME/Lille, Department
of Epidemiology and Public Health, Pasteur Institute 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 person), L Tiret,
V Nicaud.

Sweden

Northern Sweden, Umea University Hospital, Depart-
ment of Medicine, Umea: B Stegmayr (principal investi-
gator), K Asplund (former principal investigator), S Nasic,
G Ronnberg, AJohansson, V Lundberg, E Jagare-Westerberg,
T Messner.

United Kingdom

PRIME/Belfast, Queen’s University Belfast, Belfast,
Northern Ireland: A Evans (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), B Stegmayr,
H Tunstall-Pedoe (Dundee, Scotland), K Asplund (honorary
consultant, Stockholm Sweden).
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