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Although Cholesteryl Ester Transfer Protein (CETP) mediates the transfer of cholesteryl
esters and triglycerides between lipoprotein particles and thus plays a crucial role in reverse
cholesterol transport, the association of variations in the CETP gene with acute myocardial
infarction (MI) remains unclear. In this study we examined whether common genetic
variation in the CETP gene is related to early-onset non-fatal MI risk in a population-based
case-control study from western Washington State.

Genotyping for the CETP -2708 G/A, -971 A/G, -629 A/C, Intron-I TaqI G/A and exon-14
A/G (I405V) SNPs was performed in 578 cases with first acute non-fatal MI and in 666
demographically similar controls, free of clinical cardiovascular disease, identified randomly
from the community. In-person interviews and non-fasting blood specimens provided data
on coronary heart disease risk factors.

In men, there was little evidence for an association between single SNPs and MI risk, but in
women the age- and race-adjusted OR was found to be significant in 4 out of the 5 CETP
single variants.

Haplotype analysis revealed two haplotypes associated with MI risk among men. As
compared to men homozygous for the most common haplotype D (-2708 G, -971 G, -629 C,
TaqI G and exon-14 A), the fully-adjusted multiplicative model identified haplotype G
(-2708 G, -971 A, -629 A, TaqI G and exon-14 G) was associated with a 4.0-6.0-fold
increased risk of MI for each additional copy; [95%CI 2.4-14.8] and haplotype B (-2708 G,
-971 G, -629 A, TaqI A and exon-14 A) showed a significant decreased risk for early onset
MI [OR=0.18; 95%CI 0.04 - 0.75]. An evolutionary-based haplotype analysis indicated that
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the two haplotypes associated with the MI risk are most evolutionarily divergent from the
other haplotypes.

Variation at the CETP gene locus is associated with the risk of early-onset non-fatal MI.
This association was found to be independent of HDL-C levels. These data and the sex-
specific findings require confirmation in other populations

Introduction
Cholesteryl Ester Transfer Protein (CETP) mediates the transfer of neutral lipids such as
cholesteryl esters and triglycerides between lipoprotein particles and thus plays a crucial role
in reverse cholesterol transport from peripheral tissues to the liver (1). Its unique role in
exchanging cholesterol esters and triglycerides from high-density lipoprotein cholesterol
(HDL-C) to low density cholesterol (LDL-C) and to very low density lipoprotein cholesterol
(VLDL-C) make it an appealing candidate for treatment modulation. Raising HDL-C is a
relatively novel strategy in the efforts to treat atherosclerosis and CETP inhibitors have been
recently developed to accomplish this (2,3). However, while on one hand lowering CETP
activity may lead to increased HDL-C levels, yet on the other hand it may adversely affect
reverse cholesterol transport which is considered an athero-protective mechanism by which
myocardial infarction (MI) is prevented (4,5).

MI is a complex disorder with an estimated heritability that ranges between 25% and 60%
(6). While numerous studies have shown that family history is a significant risk factor for
atherosclerosis, its contribution cannot be fully accounted for by traditional cardiovascular
risk factors, such as dyslipidemia, hypertension, smoking, and obesity (7,8). Integration of
genetic testing for determination of cardiovascular at-risk patients is an attractive idea that is
widely studied. One possible setback in studying the association of polymorphisms and
specific phenotypes such as early-onset MI may stem from the uncertainties as to the nature
of the gene to be investigated. CETP in its unique physiological role serves as an interesting
candidate gene for such studies. The gene encoding CETP was cloned (9) and mapped to
chromosome 16q21, and encompasses 22 Kb consisting of 16 exons. A multitude of CETP
genetic variants have been so far identified through re-sequencing efforts and some have
been exhaustively analyzed and characterized for associations with CETP mass/activity and
HDL-C (10).

In addition to numerous SNPs associated with amino acid changes, SNPs located within the
promoter area are significantly associated with CETP and HDL-C concentrations (11). Rare
mutations and natural genetic variation at the CETP locus that are associated with decreased
transfer of cholesteryl ester from the core of HDL particles to apoB containing lipoproteins
in exchange for triglycerides, are associated with higher concentrations of HDL-C. Yet, the
association between these CETP genotypes and MI risk is less clear (12). The main
objective of the present study was to examine the association of the common genetic
variation in the CETP gene, at the level of either SNPs or haplotypes, with the risk of acute
MI in a population-based case-control study.

Methods
The basic design of the case-control study has been described in detail (13). Briefly, the
subjects were drawn from a study of incident MI among women 18 to 59 years of age and
men 18-49 years of age, residing in three contiguous counties of western Washington State.
Eligible case patients were subjects diagnosed with a first fatal or nonfatal MI between July
1998 and December 2000 (women) and July 1998 and March 2000 (men). Cases were
identified through the review of hospital discharge diagnoses provided by all hospitals
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within the study region. Criteria for MI were adapted from the Cardiovascular Health Study
(14) and were defined by evidence of symptoms, elevated enzymes, and
electrocardiographic changes. Using these criteria, we identified 1,192 MI patients (508
women and 684 men) of whom 1,181 were living at the time that we initiated recruitment.
Nine hundred sixty three were contacted and among these, we were able to determine
eligibility for 670 through a telephone interview and 578 cases (257 women and 321 men)
participated in an in-person interview, for an overall case response rate of 54.9%. We used
random-digit telephone dialing to identify a control group of women 18 to 59 years of age
and men 18 to 49 years of age living in the same area during the time period of the study
(13). We recruited 666 such controls frequency matched on age. The estimated response
rate, incorporating both the household screening and interview participation rates, was
54.7%.

Participating cases and controls were interviewed in person by trained interviewers who
used a structured questionnaire that elicited information about known and suspected
cardiovascular risk factors. Information was collected on age, race, education, weight and
height, family history of cardiovascular disease, physician-diagnosed diabetes, hypertension,
or hypercholesterolemia, cigarette smoking and alcohol consumption, physical activity and
reproductive and menstrual characteristics. The structured interview elicited information for
the time period preceding the MI or an equivalent date for controls. Non-fasting plasma lipid
and lipoprotein variables were measured by enzymatic procedures (13). Case blood samples
were obtained at least 6 months after the event.

We used data from the “Pharmacogenetics and Risk of Cardiovascular Disease”
resequencing project (http://droog.gs.washington.edu/parc/data/cetp/welcome.html) and a
linkage disequilibrium-based single nucleotide polymorphism selection algorithm, LDSelect
(available at http://pga.gs.washington.edu/)(15) to choose a set of tagging SNPs to represent
all variants in the 5′ end of the CETP gene. We limited our assessment of SNPs to those with
a minor allele frequency ≥ 0.05 and formed bins of highly correlated SNPs based on R2 ≥
0.64). It has been shown that using an r2 threshold of 0.64 permits the identification of the
major haplotypes (∼80%) that can be exhaustively,yet efficiently used for association
studies. (15).

In addition, the common SNPs located in Intron 1 (TaqI) and in exon 14 (amino acid change
- I405V) that have been extensively analyzed in the past for association with plasma lipid
phenotypes, were also chosen for genotyping. Of the ten LDs between the 5 tagSNPs, four r2

were lower than 0.1, two r2 ranged from 0.1 to 0.29, two r2 ranged from 0.3 to 0.4, and the
LD between TaqI and -629 was somewhat higher (r2 = 0.68).

Genotyping for the CETP -2708 A/G (rs12149545), -971 A/G (rs4783961), -629 A/C
(rs1800775), Intron-I TaqI (rs708272) and Exon-14 (I405V) (rs5882) polymorphisms was
performed by fluorescence-based minisequencing using the ABI SNaPShot kit (Applied
Biosystems, Foster City, CA, U.S.A). The primer sequences used for amplification of the
PCR fragments of the selected CETP SNPs and the sequences of the SNaPShot extension
primers are outlined in tables S1 and S2 in Supplementary material. The PCR products were
pooled (2 μL each), and all primers, dNTPs, enzymes and buffers were then removed from
the mix using High Pure™ PCR product purification kit (Applied Biosystems, Foster City,
CA, U.S.A) incubating at 37°C for one hour and then at 75°C for 15 minutes. Primers with
5′ end terminating one base form the SNP corresponding to the various SNPs were mixed 2
μM each. Then 5 μL of SNapShot Multiplex ready reaction mix™ (containing Taq
polymerase and the labeled dideoxy-NTPs), 3 μL of pooled PCR product, 1 μL of pooled
primers and 1 μL DDW were mixed. The mix was subjected to 25 thermal cycles, each one
as follows: 96°C for 10′, 50°C for 5′ and 60°C for 30′. The SNaPShot reaction products were
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loaded onto the ABI Prism 310 genetic sequencer for analysis. The results were analyzed
using Gene-Scan analysis software version 3.1 (Applied Biosystems, Foster City, CA,
U.S.A).

Statistical Methods
Standard descriptive methods were used for comparing cases and controls on frequency
distributions for categorical variables and measures of central tendency (e.g., means,
medians) for continuous variables. Departures of allele frequencies from the Hardy-
Weinberg equilibrium were tested among controls to identify potential bias in the genotypic
distributions. Crude initial analyses included comparisons of genotype and allele frequencies
between cases and controls based on gene counting.

We used the HaploScore program to 1) infer haplotypes in study participants and 2) within a
general linear model framework, use an efficient score statistic to test the association
between the haplotypes and the risk of MI (16). HaploScore assigns the probability for each
haplotype pair in each individual and then directly models an individual's phenotype as a
function of each inferred haplotype pair, weighted by their estimated probability, to account
for haplotype ambiguity. In addition, a Bayesian approach, implemented through the
software package PHASE (17) was used to infer the most likely haplotypes for each
individual and these haplotypes were then introduced into an unconditional logistic
regression model in order to estimate the odds ratio (OR), after controlling for
characteristics related to the outcome to increase precision. Ninety-five percent confidence
intervals on the ORs were calculated as measures of precision of the estimates, using
standard errors of the coefficients from the logistic model. Because of potential gender
differences and differences in the age cut-off for early MI event, all analyses were conducted
separately for males and females, and results were compared across gender.

We also performed a cladistic-based association analysis to identify specified contrasts of
association among the haplotypes and MI risk (18). We used the program EHAP (19) which
permits analyses of the information contained in the evolutionary relationships among
haplotypes and in the study population using generalized linear models. After a cladogram
of the haplotypes considered in the analyses was constructed using the principle of
parsimony, rather than perform an omnibus test to determine whether the effects if the
haplotypes in the cladogram differ significantly, a sequential series of nested tests were
performed. At each step of the algorithm, a “full model” was compared with a series of
reduced models (1 degree-of-freedom tests) aimed to group together evolutionary closely
related haplotypes. The full model changed between steps contingent on the results of
previous step. Haplotypes that fall into the external nodes of the cladogram (zero-step
clades) were initially considered. Subsequently, one-step clades (produced by moving
backward one mutational step from the zero-step clades toward internal nodes), two-step
clades and so forth, were examined.

Results
The characteristics of the MI patients and control subjects are summarized in Table 1. The
study subjects were predominantly white and MI cases were, on average, 1-2 years older
than the controls.

Genotype frequencies for the five CETP SNPs are shown in Table 2. Among the controls,
except for CETP -2708 in women, genotype distributions did not deviate from Hardy–
Weinberg proportions (P-values 0.12-0.86). When adjusted for multiple comparisons, the
disequilibrium for CETP -2708 in women did not remain significant (P-value = 0.22). In
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men, the frequencies of CETP-971G, -629 and TaqI A alleles were somewhat lower in cases
than in controls. In women, there was evidence that the CETP polymorphisms were
distributed differently in cases and in controls.

Next, we used the logistic model to examine the association between CETP SNPs and MI
risk in both gender groups after taking into consideration the effects of age, race and other
characteristics. In men, the age- and race-adjusted association of the CETP genotypes with
MI risk indicated that under a multiplicative model, there was no association with each of
the CETP SNPs (Table 3). These associations did not change considerably when, in addition
to age and race, the multivariate models included the adjustment for education, smoking,
body mass index and HDL-C. Only for CETP -971 SNP did the multivariate results indicate
that the minor allele was associated with the risk of MI (OR=0.77, 95%CI=0.60-0.98).

In women, the univariate associations with single CETP variants was more pronounced, yet,
upon the additional adjustment for the set of co-variables, none of the CETP SNPs was
associated with MI risk. In multivariate analyses that included all five CETP SNPs
simultaneously, in men only, the TaqI was the only SNP associated with MI risk (Data not
shown).

The association between CETP gene variants and MI was also examined at the level of
haplotypes. Seventy five percent of the haplotype were inferred with greater than 99.5
percent probability, and in an additional 15 percent of the inferred haplotypes, the
probability of certainty ranged between 71% and 99%. Similar rates of certainty were
observed in women (mean=93.6%) and men (mean= 93.3%). Haplotype inference from the
five SNPs resolved 11 common haplotypes (frequency ≥ 2%) out of which 6 had a
frequency that exceeded 5 percent in the control population (Table 4). The 11 CETP
haplotypes accounted for 93% of male chromosomes and 91% of female chromosomes, in
the control group. The six most common haplotypes (Hap D, Hap L, Hap K, Hap J, Hap A,
and Hap C) accounted for 80-81% of the men and women chromosomes. None of the single
variants tagged only one common haplotype.

Next we used logistic models for univariate associations between haplotypes and MI risk
(Data not shown). In men, the multiplicative age- and race-adjusted model (1 degree of
freedom), showed a significant decreased risk associated with the haplotype B (OR=0.30 for
each additional copy of haplotype B) when compared with the reference group, i.e. subjects
carrying no haplotype B. Similar results were obtained from the fully-adjusted model
(OR=0.14 for each additional copy of haplotype B). The logistic model showed that
haplotype D was also associated with a decreased risk of MI (OR=0.72; 95 percent CI: 0.54–
0.99). Haplotype G was associated with a 3.8-5.7-fold increased risk of MI for each
additional copy; this association was highly statistically significant (95 percent CI: 1.8-8.1
and 2.4-13.9 from the minimally-adjusted, and from the fully-adjusted model, respectively).
The remaining haplotypes were not significantly associated with MI. In women, the
univariate logistic models have shown no association of CETP haplotypes with MI.

In men, the multiplicative fully-adjusted model showed similar results; a significant
decreased risk associated with haplotype B (OR=0.18) and a significant increased risk
(OR=5.98) associated with haplotype G, when compared with the reference group, i.e.
subjects homozygotes for the common haplotype D (Table 4). In women, all CETP
haplotypes were not significantly associated with MI.

In men, the age- and race-adjusted global score statistic from a multivariate model which
include all haplotypes was 19.1 and, with 11 df, the P-value from the χ2 distribution was
0.0599; this P value was identical to the empirical P value based on 1,000 simulation
repetitions (Table 4). For the full model the global score statistic was 24.9 and the χ2P-value
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was 0.0009. An advantage of the HaploScore method is demonstrated by the haplotype-
specific scores, which allow the evaluation of which haplotypes have the strongest
association with the risk of MI after adjustments for other co-variables. In men, as judged by
the specific scores, haplotypes B and G were significantly associated with MI risk. The
score for haplotype B was negative (-2.3 and -3.6 for the minimally and fully adjusted
models, respectively), i.e. the haplotype B is associated with decreased MI risk, and the
score for haplotype G was positive (2.6 and 2.9 for the minimally and fully adjusted models,
respectively), which indicates that carriers of haplotype G have significantly higher MI risk.

In women, the age- and race-adjusted global score statistic was 14.0, 11 df, P- value 0.234.
For the full model the score statistic was even lower, 9.8 and the P- value was 0.545. The
haplotype-specific scores indicated that age- and race-adjusted haplotype D was associated
with increased MI risk; yet, this haplotype showed little association with MI risk when the
model was fully adjusted for other co-variables.

Figure 1 presents the most parsimonious cladogram of the 11 haplotypes (A through L)
defined by the 5 SNP markers of the CETP gene. This network of haplotypes represents the
minimum number of evolutionary steps (as estimated from nucleotide sequence similarity)
that interrelates the 5 closely linked markers. This cladogram characterizes the haplotypes
by degree of genetic relatedness. Haplotypes that share marker types are grouped together
into clades and haplotypes that are dissimilar for marker types are positioned farthest apart.
These relationships were then used to select comparisons among groups of haplotypes that
may be informative for the presence of a polymorphism with an effect on MI risk.

Table S3 (Supplementary material) presents the cladistic analysis in males that is defined by
the nesting of the 11 CETP haplotypes into 0-, 1- and 2-step. There are 10 pairwise
comparisons (6 of 0-step clades, 2 within step-1 and 2 within step-2 clades). This nested
analysis suggested that four of these phenotypic comparisons are statistically significant. As
a result, haplotypes C, D, J, H, L, F, E, K, and A are clustered together in one clade. As can
be seen from Table S4, a significant contrast is detected for MI risk that is localized to the
transition between haplotype E and haplotype G (p=0.005 after correction for multiple
testing). This suggests that these haplotypes may differ for a functional mutation which is
tagged by the TaqI site within the CETP gene that influences MI risk. In addition, a
borderline significant contrast (p=0.04 after correction for multiple testing) is localized to
the transition between haplotype F and haplotype B, which is associated with the -971 site.
In women similar analysis showed that no null hypotheses was rejected and all haplotypes
were collapsed into a single clade (Results not shown).

Discussion
In this population-based case-control study, we found two CETP haplotypes that were
associated with the occurrence of early-onset non-fatal MI in men. When compared to
subjects who were homozygous for the most common haplotype (D), those who harbored
haplotype G were at a 4.0 to 6.0-fold increased MI risk. The analyses also showed that
subjects who carried haplotype B tended to be at a significantly lower risk for developing
early-onset MI. The risk of MI associated with these CETP haplotypes was found to be
strongly modified by gender since similar associations were not observed in women.

CETP has a central role in the metabolism of HDL by transferring lipids between plasma
lipoproteins and may therefore alter the susceptibility to atherosclerotic vascular disease.
The exact mechanism for the contribution of CETP to the atherosclerotic process is unclear.
On one hand, increased CETP levels associated with lower HDL-C have been positively
associated with intima media thickening (20) and with increased risk of fatal and non-fatal
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coronary artery disease (CAD) in subjects with high serum TG levels (21). Alternatively,
CETP is claimed to have a protective role against atherosclerosis since cholesteryl ester
transfer process provides a potentially beneficial pathway for delivery of HDL-derived
cholesteryl esters to the liver (22). Indeed, several studies have shown that individuals with
reduced CETP activity in conjunction with reduced hepatic lipase function were at increased
risk of CAD, independent of their high HDL-C levels (23,24). Some of the SNPs included in
this study were previously evaluated as single SNP association-studies with cardiovascular
risk (12,25-28). In our study the associations between single CETP variants and the risk MI
were not consistent across gender groups and dependent on the set of covariables included in
the models.

A number of studies have demonstrated associations between CETP haplotypes and change
in CETP mass/activity and HDL concentrations. While some of these reported associations
were similar to a single SNP analysis (28-34), other studies showed stronger associations
between CETP haplotypes and change in the HDL-C levels than that observed in the SNP
analysis (32,35). This is consistent with previously suggested benefits of haplotype analysis
for examining SNPs in LD (36).

Our study is one of the few which have investigated the association between CETP
haplotypes and the risk of CHD (34,37-38). Haplotype G (GAAGG), which was associated
with a significantly higher MI risk among men, differs from the most common Haplotype D
(GGCGA) at the -971A, -629A and Ex14G loci. This association was independent of the
adjustment for additional co-variables, including HDL-C. From common haplotype D which
is most likely to be the oldest (19), we identified several haplotypes arising from single SNP
changes that were not associated with MI risk. Only a more recent clade marked by a
reversion back to allele G on TaqI and a transition from haplotype E to haplotype G was
associated with a profound association with MI risk.

A number of studies have suggested that the C-629A polymorphism is functional, with the –
629A allele altering Sp1/Sp3 binding and associated with reduced promoter activity,
decreased CETP mass and increased HDL levels (31,39) and with reduced risk of MI
(28,34). However, a recent cohort study found an increased risk of coronary disease in
carriers of the -629A allele compared to CC homozygotes (40). The Taq1 SNP has been
found to be in strong linkage disequilibrium with the -629 SNP. However, it is not yet clear
whether the -629 SNP is entirely responsible for the functional effects or whether other
changes linked to these SNPs may also be involved (12,27,34,39). For example, a VNTR
located 1,946 bp upstream of the transcription start site of the CETP gene was found to be
linked to TaqI SNP and appears to have an independent effect on CETP and HDL-C levels
(12,41). Yet, in our study, the associations between the TaqI SNP and haplotypes with MI
risk were independent of HDL-C levels.

A number of studies have demonstrated weak or no associations between CETP haplotypes
and CHD risk (34,37,38). Our results suggested that associations between the CETP
haplotypes and MI risk are sex specific. Relatively young women are intrinsically less
susceptible to MI, and therefore we would anticipate that women with early-onset MI would
be expected to carry a heavier burden of predisposing genes. Nonetheless, both in our study
and in the Framingham study the associations with CETP polymorphisms were limited to
men (42). Animal models also support such sex differences: transgenic rats heterozygous for
human CETP were shown to have increased atherogenic lipid profile and coronary plaques
with decreased survival outcome in male transgenic rats compared with females CETP
transgenics (43).
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A number of limitations are inherent in the present study. We included a moderate number
of MI survivors, and therefore we cannot exclude the possibility that associations seen in our
study are due to chance or in part due to differential early case fatality among the MI
patients related to these polymorphisms. We computed the power of the present study for
detecting MI risk associated with the putative high-risk genotypes, using the PS program
(44). The results demonstrate that the proposed study has a reasonable good statistical power
to detect medium OR levels for common alleles/haplotypes and for detecting relatively high
OR for rare haplotypes. For example, assuming an α = 0.05 and a common allele/haplotype
prevalence of 30%, our sample size of men provides 65% power to detect an OR=1.5 and
80% power to detect an OR=1.62. For common allele/haplotype prevalence of 40%, the
power estimates are 70% and 0.83%, respectively. For a rare haplotype prevalence of 2.5%,
our sample size of men provides 95% power to detect an OR=4.0. The sample size of
women provides higher power estimates. Additional studies that involve larger numbers of
subjects, especially women and fatal events, are required to confirm the present study's
associations. Over 85% percent of our study sample was Caucasians and thus spurious
associations due to population stratification are not likely to occur. Moreover, when
restricting our analyses to Caucasians only, similar results were obtained. In case-control
studies, selection and recall biases are potential problems. We do not think that appreciable
bias has resulted due to non response, as 1) it is not likely that a person's decision not to
participate is related to his/her CETP genotypes, 2) the distribution of “traditional”
cardiovascular risk factors between recruited cases and controls exhibited well-established
differences, and 3) the CETP SNPs frequencies among our controls are similar to those
reported in other populations of European descent individuals (12,25,31,34,37,38,42).
Finally, a large number of CETP SNPs are not covered in our analyses and thus part of the
CETP variation was not captured. Yet, a multitude of the unstudied SNPs are rare with a
limited usefulness in describing the major genetic determinants of MI risk in the general
population.

In conclusion, this study of relatively young men and women suggests an association
between the CETP gene variation and MI risk in men. Further elucidation of the pathways
through which variation in this gene exerts its effect on MI risk is warranted.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Cladogram estimated by Templeton et al. algorithm relating the CETP haplotypes
presented in Table 4
Asterisks indicate the localization of significant changes in MI risk within the cladogram.
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