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Abstract

The pleiotropic proinflammatory cytokine, interleukin 18, plays a role in innate immunity and, based on mouse models, influences
obesity. We investigated variation within the /L/8 gene and its effect on markers of the metabolic syndrome. A tagging single
nucleotide polymorphism set of 5 SNPs for the gene encoding interleukin 18 was selected and genotype was determined in 3 separate studies.
In 2775 healthy middle-aged men, 6 common haplotypes were seen, but none was associated with body mass index (BMI). In 439 patients
who underwent coronary artery bypass graft surgery, Hap2 (frequency, 22%) was present at a lower frequency than in healthy subjects and
was associated with higher mean BMI compared with Hap1 (P = .011). In 483 men with type 2 diabetes mellitus, Hap2 was again associated
with a higher haplotypic mean BMI (P = .002). Those homozygous for Hap2 had a BMI of 31.2 (1.3) kg/m?, mean (SE), compared with
28.3 (1.0) kg/m? in those not carrying a copy of Hap2. No single SNP could fully explain the effects seen. Therefore, variation within /L8,
previously shown to be associated with lower /L18 levels, is influencing measures of obesity both in men with type 2 diabetes mellitus and

those with advanced coronary heart disease.
© 2007 Elsevier Inc. All rights reserved.

1. Introduction

Interleukin 18 (IL-18) is a pleiotropic cytokine involved
in both innate and adaptive immune responses [1,2].
Originally identified as an interferon y—inducing factor
[3], it stimulates interferon 7y production in T lymphocytes
and natural killer cells, both of which are essential in
atherosclerotic plaque progression and stability [4,5].
Increased IL-18 expression is seen in atherosclerotic plaques
and is associated with plaque instability [6,7]. The benefit of
IL-18 inhibition in animal models has further demonstrated
its influence on plaque progression and composition [8,9].
Large studies have shown that plasma IL-18 levels are an
independent predictor of coronary events in healthy, middle-
aged European men [10], and recently, variation within the
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IL18 gene has been shown to influence circulating levels of
IL-18 and clinical outcome in subjects with coronary artery
disease [11], as well as to affect IL-18 production capability
by monocytes [12].

Obesity is accompanied by low-grade inflammation and
there are data to suggest that some circulating inflammatory
mediators, including IL-18 [13], are released from fat tissue
[14,15]. Serum IL-18 levels correlate with body mass index
(BMI) and waist circumference, independently of obesity
and hyperinsulinemia [16]. Interleukin 18 has also been
implicated as an adipogenic cytokine, with i//8 '~ mice
having twice the percentage body fat of their wild-type
littermates, as well as developing several features charac-
teristic of the metabolic syndrome [17]. This, among other
data, suggests a new role for IL-18 in energy homeostasis.
We therefore investigated the effect of variation in /L/8 on
BMI and other measures of obesity in healthy middle-aged
men participating in the second Northwick Park Heart Study
(NPHSII), in a group of patients with diabetes mellitus
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(University College London Diabetes and Cardiovascular
Study [UDACS]), and in a group with coronary heart
disease (CHD) undergoing coronary artery bypass graft
(CABG) surgery.

2. Methods
2.1. Study subjects

2.1.1. The second Northwick Park Heart Study

The NPHSII is a large prospective (15 years of follow-
up) study of 3012 healthy white European middle-aged men
recruited from 9 general medical practices in the United
Kingdom designed to examine risk factors for CHD. All
eligible subjects were free of a history of unstable angina,
myocardial infarction or evidence of silent infarction,
coronary surgery, aspirin or anticoagulant therapy, cardio-
vascular disease, malignancy (except skin cancer other than
melanoma), or any condition precluding informed consent
[18,19]. In the data presented herein, those who presented
with CHD during follow-up were excluded. Ethical approv-
al was granted by the institutional ethical committee and
written informed consent was obtained before recruitment.

2.1.2. Coronary artery bypass graft study

This study is described elsewhere [20,21]. Briefly,
439 participants were recruited prospectively from those
undergoing first-time elective CABG between October 1999
and July 2003. Participants with evidence of an active
inflammatory or immunomodulatory disease or who were
receiving anti-inflammatory agents other than aspirin were
excluded before recruitment. All participants were taking
aspirin (75 mg/d) and ceased 7 days before surgery. All
other drugs were withheld on the morning before surgery.
Ethical approval was granted by the institutional ethical
committee and written informed consent was obtained
before recruitment.

2.1.3. University College London Diabetes and
Cardiovascular Study

The UDACS participants were 1011 consecutive patients
recruited from the diabetes clinic at University College
London Hospitals National Health Service Trust between
the years 2001 and 2002 [22,23]. All participants had
diabetes according to World Health Organization criteria
[24]. Ethical approval was granted by the institutional
ethical committee and written informed consent was
obtained before recruitment.

2.2. Tagging single nucleotide polymorphism identification

Interleukin 18 resequencing data from Innate Immunity
PGA (IIPGA; http://innateimmunity.net) was used in con-
junction with a haplotype-tagging single nucleotide poly-
morphism (tSNP) program, tagSNPs.exe, a variant of the
Excoffier-Slatkin E-M algorithm, to pick haplotype-tagging
polymorphisms [25].

2.3. Interleukin 18 tSNP genotyping

Both restriction fragment length polymorphism (RFLP)
and TagMAN techniques were used. RFLP sequence
amplification was performed by using polymerase chain
reaction (PCR) (for primer pairs see Supplementary Table 1),
PCR product was then digested with the relevant restriction
enzyme and product size was determined by microtiter array
diagonal gel electrophoresis [26]. Results were entered by
2 independent observers blinded to clinical details. Poly-
merase chain reaction and TagMAN probes were designed
by Applied Biosystems (Foster City, CA) (see Supplemen-
tary Table 2). Reactions were performed in 384-well
microplates with Thermo MBS384 thermal cyclers. Fluo-
rescence was measured with an ABI Prism 7000 sequence
detection system and analyzed with the ABI Prism 7000
SDS software version 2.1.

2.4. Statistical analysis

All statistical analysis was performed by using SPSS
version 12.0.1 (SPSS, Chicago, IL). A y? test compared
observed numbers of each genotype with those expected for
a population in Hardy-Weinberg equilibrium. When using
nonnormally distributed data the nonparametric Mann-
Whitney test was used, or data were transformed to attain
normalized data and an independent ¢ test, analysis of
variance, or x> test was used where appropriate. P values
less than .05 were considered significant. Linkage disequi-
librium (LD) between sites was estimated by using Haplo-
view version 3.0 (www.broad.mit.edu/mpg/haploview); data
are presented as D'. Individual haplotype pairs were inferred
by using PL-EM version 1.0 [27]. This program uses a
partition-ligation (PL) strategy together with the expecta-
tion-maximization (EM) algorithm to reconstruct individual
haplotypes based on unphased genotype data. Thesias
version 2 [28] was used mainly for haplotype analysis with
select associations further analyzed with SimHap Beta
Release v2.1B [29]. P values presented are those given by
Thesias. All haplotype associations presented were seen to
act additively. Adjustment of variables was not carried out
unless factors were seen to differ significantly between
groups and could plausibly influence the association being
tested. Both study samples contain participants of differing
ethnic groups. However, there was no suggestion that the
associations presented were ethnicity dependent (data not
shown); therefore, all data from ethnic groups were
combined to maintain group numbers. Ethnic groups were
analyzed separately only when polymorphism or haplotype
frequencies were being compared, an instance where ethnic
origin would likely cause bias in the result.

3. Results

3.1. Baseline characteristics

The baseline characteristics of the 3 separate study
groups differed greatly (see Table 1). NPHSII is a healthy
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Table 1
Baseline characteristics of the 3 study groups

NPHSII (n = 2519) CABG (n = 439) P! UDACS (n = 1011) P?
Age 56.1 (3.5) 64.8 (8.9) <.001 61.8 (13.3) <.001
BMI (kg/m?) 26.4 (3.5) 28.5 (4.6) <.001 28.7 (5.7) <.001
SBP (mm Hg) 138 (19.2) - - 140 (20.5) .072
DBP (mm Hg) 84.5 (11.4) - - 80.3 (11.2) <.001
Cholesterol (mmol/L) 5.7 (1.0) 4.8 (1.1) <.001 5.1 (1.1) <.001
TG (mmol/L) 2.1 (1.3) — - 2.1 (1.6) .014
LDL (mmol/L) 4.0 (1.0) 2.6 (0.9) - 2.8 (1.0) -
HDL (mmol/L) 0.85 (0.26) 1.3 (0.4) - 1.4 (0.5) -
CRP (mg/L) 5.5(7.9) 4.0 (4.3) - 2.2 (2.0 -
Caucasian (%) 98.8 88.0 <.001 79.0 <.001
Diabetic (%) - 18.1 <.001 - -
Ever smoked (%) 58.8 74.9 <.001 47.1 <.001
Male (%) 100 81.8 <.001 62.4 <.001
Type 1 diabetic (%) - - 18.5 -
Type 1I diabetic (%) - - 81.5 -

Values are expressed as mean (SD) unless otherwise indicated. P!, CABG vs NPHSII, P>, UDACS vs NPHSII. SBP indicates systolic blood pressure;
DBP, diastolic blood pressure; TG, triglycerides; LDL, low-density lipoprotein; HDL, high-density lipoprotein; CRP, C-reactive protein.

cohort; therefore, as expected, the participants had lower
BMI and systolic blood pressure than patients with diabetes
mellitus (UDACS) or CHD (CABG). However, on average,
those in NPHSII had higher total cholesterol than those in
CABG and UDACS, most likely because of lipid-lowering
treatment use in both patient groups.

3.2. Tagging SNP selection and validation

A tSNP set comprising [IPGA SNPs —9731 G>T,
—5848 T>C, +4860 A>C, +8855 T>A, and +11015
A>C (rs1946519, rs2043055, rs549908, rs360729,
rs3882891, respectively) was selected, based on haplotypes
derived from IIPGA Caucasian resequencing data. The set
was estimated to capture greater than 95% of variation
within the 21-kilobase ILI8 region, stretching from 1
kilobase pair upstream to 300 base pairs downstream of
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Fig. 1. Linkage disequilibrium (D’) values between the 5 SNPs in NPHSII.

the gene. The set comprises 3 intronic SNPs, a proximal
promoter variant, and one synonymous SNP within exon 4.
Genotypes for all 5 SNPs were determined in all study
groups. Only one SNP deviated from the genotype counts
expected by Hardy-Weinberg equilibrium, +8855 T>A,
with more heterozygotes seen than expected in NPHSII only
(P = .044). Because of the number of SNPs and studies
analyzed, this could be due to chance alone. Linkage
disequilibrium was significant and high across the whole
region (see Fig. 1), ranging from D’ = 0.70 to D’ = 0.99 in
NPHSII.

Haplotypes inferred from all study groups were largely
similar in frequency and identity to those reported by
IIPGA, suggesting that the genomic variation and structure
of IL18 was not significantly different within each study
group from the populations genotyped by [IPGA. Therefore,
the tSNP set derived from IIPGA data was effective and
translated well to the study groups, implying that with the
selected 5 polymorphisms, more than 95% of genetic
variation within /.18 was captured.

3.3. Frequency variations

When analysis was confined to white Europeans only, a
number of the polymorphisms genotyped differed in
frequency between the study groups (see Table 2). Both
—9731T and +11015C were seen at a significantly higher
frequency in CABG and UDACS compared with NPHSII
(all P < .04). The only other allele seen to differ
significantly in frequency was +8855 T>A in CABG;
however, the allele frequency was greatly different from
that observed in UDACS (where it closely matched
NPHSII), suggesting that this difference in allele frequency
was not associated with disease and may be the result of
type 1 error.

Haplotypes were inferred separately in all study groups
by using PL-EM. In total, 6 different common (greater than
2% in frequency) haplotypes were observed (see Table 3).
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Table 2
Rare allele frequencies (+95% CI) in NPHSII, CABG (Caucasians only), and UDACS (Caucasians with T2DM only)
Polymorphism NPHSII CABG UDACS

Rare allele frequency Rare allele frequency P! Rare allele frequency P?
—9731 G>T 0.388 (0.36-0.39) 0.419 (0.38-0.46) .035 0.422 (0.39-0.45) .005
—5848 T>C 0.375 (0.36-0.39) 0.365 (0.33-0.40) .620 0.380 (0.35-0.41) .053
+4860 A>C 0.295 (0.28-0.31) 0.326 (0.29-0.36) .095 0.303 (0.28-0.33) .555
+8855 T>A 0.296 (0.28-0.31) 0.341 (0.31-0.38) 016 0.302 (0.28-0.33) .669
+11015 A>C 0.395 (0.38-0.41) 0.439 (0.40-0.48) .027 0.436 (0.41-0.46) 011

P!, CABG vs NPHSII; P?, UDACS vs NPHSII

A significant difference (both P <.04) in frequency of Hap2
was seen between NPHSII and both CABG and UDACS,
with it being at a lower frequency in the 2 diseased cohorts.
Conversely, Hap4 was seen at a significantly higher fre-
quency in UDACS than NPHSII only (P = .008), mirroring
in part the difference in allele frequency described above.

3.4. Interleukin 18 genotype is associated with differences in
BMI and waist circumference

Having observed significant differences in both allele
and haplotype frequencies among the study groups, we
investigated the effect of /L/8 variation on intermediate
phenotypes common to CHD and type 2 diabetes mellitus
(T2DM). The effect of ILI8 wvariation on BMI was
investigated, as it was significantly higher in the 2 patient
groups compared with NPHSII (see Table 1).

3.4.1. Second Northwick Park Heart Study

Single SNP analysis showed no significant associations
with BMI (see Table 4) in the total sample or in those who
developed diabetes during follow-up, although this number
is small (n = 132) (all P > .28). No significant associations
were seen with haplotype analysis in the total sample
(see Table 4), or in those who developed diabetes during
follow-up.

3.4.2. Coronary artery bypass graft

In the subjects undergoing CABG, single SNP analysis
showed BMI differed by —5848 T>C genotype but not for
any other SNP (see Table 4). Mean BMI by —5848 T>C
genotype showed a non—“dose-dependent” pattern, indica-
tive of a more complex haplotypic mechanism. Overall,
IL18 haplotypes were not significantly associated with
differences in BMI (P = .26); however, Hap2 was

associated with higher BMI (P = .011) in the total sample.
Both the single SNP and the haplotype effect were seen in
men (P = .045 and P = .009, respectively) but not in
women (P = .90 and P = .55, respectively). However, the
number of women within CABG was low and this sample is
inadequately powered to pick up the effect size seen in men.

3.4.3. University College London Diabetes and
Cardiovascular Study

None of the single SNPs alone were significantly
associated with BMI (all P > .25) in the total sample.
Mean BMI (£SE) was significantly higher (P < .001) in
those with T2DM (29.2 [0.20] kg/m?, n = 783) compared
with those without (26.5 [0.38] kg/m? n = 179). Inflam-
matory mechanisms appear to play a prominent role in the
development of this condition, and analysis was therefore
focused on these subjects, predicting that the effect of IL-18
would be greater in them than in others. Of the 5 SNPs, only
—5848 T>C was significantly associated with differences in
BMI in men with T2DM (P = .024). Those homozygous
for the rare allele had, on average, a 10% lower BMI,
consistent with the findings in CABG. This SNP effect was
not statistically significant in women with T2DM (P = .86);
however, those homozygous for the rare allele had a lower
mean BMI than those homozygous for the common allele.

IL18 haplotypes were not significantly associated with
BMI in the total sample (P = .26); however, Hap2 was
again associated with a significantly higher BMI than Hap1
(P = .041). This association was seen in men (P = .015)
but not in women (P=.72). In men with T2DM, Hap2 was
also significantly associated with a 6% higher haplotypic
BMI than those with Hapl (P = .0007) (see Fig. 2).
Analysis using SimHap demonstrated that this effect
remained when analyzed by counts of Hap2 (see Fig. 3).

Table 3
Haplotype frequencies (+95% CI) in NPHSII, CABG (Caucasians only), and UDACS (Caucasians with T2DM only)
Haplotype NPHSII CABG UDACS
Haplotype frequency Haplotype frequency P! Haplotype frequency P?

12111 Hapl 0.324 (0.31-0.34) 0.278 (0.24-0.32) - 0.324 (0.29-0.35)

11111 Hap2 0.260 (0.25-0.27) 0.223 (0.19-0.25) .037 0.216 (0.19-0.24) .035
21222 Hap3 0.257 (0.24-0.27) 0.250 (0.22-0.29) 330 0.270 (0.24-0.30) .595
21112 Hap4 0.097 (0.09-0.11) 0.091 (0.07-0.11) 346 0.129 (0.11-0.15) .008
12222 Hap5 0.030 (0.03-0.04) 0.036 (0.02-0.05) .684 0.029 (0.02-0.04) 938
22111 Hap6 0.022 (0.02-0.03) 0.029 (0.02-0.04) 312 0.023 (0.01-0.03) .904

Inferred using PL-EM. Haplotypes read 5’ to 3': 1 indicates common allele; 2, rare allele. P!, CABG vs NPHSII; P?, UDACS vs NPHSIL
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Table 4
Genotypic mean (SD) [n] and haplotypic mean (SE) BMI (kg/m?) for NPHSII, CABG, and UDACS (T2DM only)
NPHSII P CABG P UDACS P

—9731 GG 26.4 (3.5) [1089] .58 28.6 (4.3) [162] 74 29.2 (5.2) [259] 46
GT 26.5 (3.4) [1253] 28.3 (4.7) [235] 29.4 (5.9) [386]
TT 26.6 (3.8) [412] 28.8 (5) [71] 28.8 (5.8) [123]

—5848 TT 26.6 (3.4) [1090] .16 29.2 (4.6) [173] .01 29.7 (5.7) [267] .07
TC 26.3 (3.5) [1272] 27.7 (4.5) [230] 29.3 (6) [356]
cC 26.5 (3.5) [386] 29.2 (4.8) [67] 28.3 (4.4) [142]

+105 AA 26.5 (3.6) [1394] .81 28.7 (4.3) [217] .65 29 (5.3) [392] .35
AC 26.5 (3.4) [1112] 28.3 (5.2) [208] 29.6 (6.1) [311]
cC 26.3 (3.3) [256] 28.4 (2.8) [44] 28.7 (5.2) [64]

+8855 TT 26.5 (3.6) [1348] 92 28.6 (4.3) [207] 77 29 (5.3) [396] .30
TA 26.5 (3.4) [1058] 28.4 (5.2) [217] 29.6 (6.2) [309]
AA 26.4 (3.3) [255] 28.4 (2.8) [44] 28.6 (5.1) [65]

+11015 AA 26.4 (3.5) [1036] 77 28.7 (4) [144] .52 29.2 (5.5) [248] .84
AC 26.5 (3.5) [1298] 28.6 (5) [247] 29.4 (5.8) [383]
cC 26.4 (3.4) [453] 27.8 (4.5) [75] 29.2 (5.9) [140]

Hapl 0 26.3 (1.0) .35 28.6 (1.0) .07 29.1 (1.0) .07
1 25.3 (1.0) 27.5 (1.0) 28.1 (1.0)
2 25.3 (1.0) 29.6 (1.0) 28 (1.0)

Hap2 0 26.3 (1.0) 2 27.7 (1.0) .07 28.4 (1.0) .002
1 25.3 (1.0) 28.7 (1.0) 29.4 (1.0)
2 27.3 (1.0) 28.8 (1.1) 29.5 (1.0)

Hap3 0 26.2 (1.0) 91 28.4 (1.0) .52 28.7 (1.0) .39
1 27.2 (1.0) 27.3 (1.0) 29.7 (1.0)
2 25.2 (1.0) 29.4 (1.0) 27.6 (1.0)

Hap4 0 26.2 (1.0) 18 28.2 (1.0) .50 28.8 (1.0) .66
1 27.2 (1.0) 27.2 (1.0) 27.8 (1.0)
2 25.2 (1.0) 27.1 (1.1) 27.7 (1.0)

Hap5 0 26.2 (1.0) .63 28.2 (1.0) .50 28.7 (1.0) .76
1 252 (1.0) 27.1 (1.1) 29.7 (1.0)
2 252 (1.1) - 29.7 (1.2)

Hap6 0 26.2 (1.0) 18 28.1 (1.0) .20 28.8 (1.0) .56
1 27.2 (1.0) 29.1 (1.1) 27.7 (1.0)
2 25.2 (1.1) - -

P generated by analysis of variance.

No significant association was observed in the remainder of
the male participants (P = .104) or in female participants
with T2DM (P = .225).

Body mass index and waist circumference are highly
correlated measures of obesity [16]; we therefore investi-
gated whether /L/8 variation was associated with waist
circumference in the small group within UDACS who had
measures (n = 192). None of the tSNPs alone were
associated with waist circumference (all P > .25). ILI§
haplotypes did not affect waist circumference overall (P =
.20). However, in those with T2DM, mean haplotypic waist
circumference was significantly higher in those with Hap2
than with Hapl (P = .004), with those homozygous for
Hap2 having a mean (SE) waist circumference of 112.8
(5.8) cm compared with 99.7 (1.4) cm in those with no
copies of Hap2.

4. Discussion

We report for the first time the influence of genetic
variation within /L8 on BMI in 2 independent studies. The

size of these effects is large and is likely to be of clinical
significance. In both patients with CHD and those with
T2DM, Hap2 was associated with significantly higher BMI
(14% and 17%, respectively) compared with Hapl. From
published data determining the relationship between BMI
and CHD mortality [30], it can be estimated that subjects
homozygous for Hap2, who represent around 5% of the
population would be at a 1.2-fold higher risk of CHD
compared with Hapl homozygous men.

Recently, Tiret et al [11] highlighted the role of the IL/8
gene in cardiovascular disease, demonstrating that /L/8
haplotypes caused variation in IL-18 serum levels and were
associated with cardiovascular mortality. The 5 IL/8 tSNPs
genotyped here were not the same as those used by Tiret et
al. However, because both are studies in Caucasian subjects,
it can be deduced, using I[IPGA IL/8 resequencing (http://
innateimmunity.net/), that Hap2 represents that haplotype
previously found to be associated with lower IL-18 levels
and a protective effect on risk [11]. Therefore, the same
IL 18 haplotype has been shown to be associated with CHD
risk itself and various CHD risk factors (IL-18, BMI, and
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Fig. 2. Haplotypic BMI (kg/m®) by ILI8 haplotype in UDACS male
patients with T2DM. *P = .0007.

waist circumference) in 3 separate studies, strongly suggest-
ing that this haplotype is functionally distinct.

The mechanism whereby genetic variation that influen-
ces the levels of IL-18 is involved in the development of
CHD, diabetes, and adiposity is likely to be affected through
inflammation and activated innate immunity [31-33].
Animal models support the role of IL-18 in plaque
progression and stability [8,9] and show the benefits of
overexpression of its IL-18 binding protein (its natural
inhibitor) [34]. In the AtheroGene study, IL-18 was one of
the strongest predictors of future cardiovascular events in
those with stable and unstable angina [10]. The 2 “diseased”
study groups used here, one representative of advanced
cardiovascular disease (CABG at baseline) and the other of
diabetes, show many similarities in the effect of variation
within IL18.

Initially, it appears paradoxical that a haplotype associ-
ated with lower IL-18 levels and a protective effect on CHD
risk is also associated with higher BMI. However, data
recently presented on the /I8 '~ mouse suggested that
IL-18 was a satiety factor and was more likely having its
effect on the hypothalamus rather than on adipose tissue
itself [17]. Therefore, it seems possible that IL-18’s effect on
BMI (and its possible causal role in atherogenesis) and
T2DM/metabolic syndrome represent 2 distinct pathways.
By realizing this, it is possible to rationalize Hap2 being
associated with increased BMI, yet being a protective effect
on risk, as 2 separate effects. However, the details of energy
homeostasis between species are likely to differ and we
must be cautious when interpreting findings in one species
and applying it to another.

The associations presented here are made in groups of
participants with either advanced atherosclerosis or diabetes,
so perturbation of the processes by which IL-18 may
influence BMI due to disease and inflammatory mechanisms

is possible. If this were the case, then the effect on BMI
being strongest in UDACS participants with T2DM appears
consistent, because IL-6 levels and, consequently, inflam-
mation are significantly higher in those with T2DM
compared with those with type 1 diabetes mellitus [35] (in
UDACS, 4.9 and 2.7 pg/mL, respectively; P < .001). This
may also explain why the association is not seen in NPHSII,
as this is a healthy cohort.

The effect of /L18 on BMI was seen more consistently in
men than in women. That the effect was seen in women to
some degree suggests that Hap2 is influencing BMI in
women, however, because of the low numbers of women in
both CABG and UDACS, both studies lacked the statistical
power to consistently see the effect. It is also possible that
the nature of /L8 involvement in adipose metabolism could
differ between the sexes. There are sex differences in the
control of energy homeostasis and body fat distribution [36],
and because visceral and subcutaneous fat are metabolically
distinct [37] and the proportions of each differ between the
sexes [36], the factors influencing adiposity will also differ
between the sexes. Furthermore, both groups studied were
diseased cohorts and the sex differences could be exacer-
bated by disease.

The variant that distinguishes between Hap2 and Hapl is
IIPGA —5848 T>C. The single SNP association data
presented here mirror the haplotype association data to
some degree, further illustrating the resilience of the
haplotype association. However, it also demonstrates that
single SNPs will not always confirm or replicate associa-
tions seen with haplotypes, and vice versa. Those homozy-
gous for a single allele will not always be homozygous for a
single haplotype; therefore, often single SNP analysis is too
simplistic. This problem is greater when dealing with
tSNPs, which, by their very definition, are chosen because
of their high LD with other variants within and outside the
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Fig. 3. BMI (kg/m?) by counts of Hap2 in men with T2DM. Overall
P = .005; *P = .0095; **P = .025.
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region of interest. The use of other /L/8 SNPs in an attempt
to “break down” the associated haplotypes, or an investiga-
tion of the associations in other ethnic groups (in which the
haplotype structure and pattern of /L/8 LD are radically
different), could provide further information on identifying
the likely functional SNPs. However, only functional studies
that directly test the effect of that particular base change will
discriminate between it and other variants that are in high
LD with it.

A limitation of this study is the small group sizes of
CABG and UDACS; inevitably, when using a haplotypic
approach, the amount of data used in analyses is less than
that used in a candidate SNP approach. However, using
tSNPs in conjunction with haplotype analysis captures near-
total genetic variation within the region studied, and
therefore the power to pick up genetic effects is increased.
The fact that the major results presented have been
replicated in 2 separate studies and tie-in with previously
published genetic associations strongly suggest that these
observations are not due to chance.

In conclusion, the effect of /L/8 on BMI was large and of
a degree that could impact on individual CVD risk,
implying IL-18 may play a role in obesity, the metabolic
syndrome, and CVD, and could be one of the unifying links
between all three.
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