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Introduction

The most notable medical achievements of the 213" Century will probably revolve around the
application of genetics to prevention of disease, regenerative medicine and vaccines for global
infections. In single gene disorders tremendous efforts were made from 1990 to 2010, which is
referred to as the “Golden Age” for single gene disorders. Of the estimated 7,000 rare single
gene disorders, a gene has been discovered for over 3,000(1). The first cardiovascular disorder
to be mapped was Hypertrophic Cardiomyopathy(2),(3), then Dilated Cardiomyopathy(4)
followed by many others such as Wolff-Parkinson—White syndrome (WPW)(5), Atrial
Fibrillation(6), Long QT Syndrome(7) and Brugada Syndrome(8). These are rare disorders
occurring with a frequency of less than 1%, but more commonly, in about one-tenth of 1% of
the population.

It is claimed that 80% of the deaths in the world are due to 20 common diseases. The
combination of Coronary Artery Disease (CAD) and cancer account for over one-half of those
deaths(9). The prevention and treatment of CAD has been a major emphasis in the Western
world and tremendous progress has been made with about 50% reduction in mortality from
CAD in the last 50 years(10). However, CAD is increasing in the developing world, making it the
number one killer in the world(11). It has been claimed by several investigators that CAD will
be markedly attenuated, if not eliminated, in the 21st century(12),(13). This optimism relates to
the proven observation that CAD and its sequelae are, in large part, due to factors that can be
prevented. Modification of conventional risk factors (e.g. cholesterol) for CAD in randomized,
placebo, controlled clinical trials has been consistently associated with 30 to 40 percent
reduction in mortality and morbidity from CAD(14),(15). Epidemiological studies(16) have long
shown that genetic predisposition accounts for 40% to 60% of the risk or susceptibility for CAD.
Coronary artery disease like most common diseases are polygenic, meaning several genes
contribute to its predisposition, with each having only mild to moderate influence. Despite
attempts to identify these genes, until recently, their discovery remained elusive.



Development of the technology to pursue Genome Wide Association Studies

Genes responsible for single gene disorders could be identified utilizing a few hundred DNA
markers to genotype pedigrees of two or three generations in whom there were family
members affected with the disease. This approach enabled one to differentially detect markers
segregating individuals having the disease, versus those unaffected. Individuals co-inheriting
both the disease and the marker means the marker is in close physical proximity to the gene
responsible for the disease. The known chromosomal location of the marker makes it possible
to clone and sequence the DNA region containing the gene and its mutation. This method is
referred to as genetic linkage analysis. While highly sensitive and successful for single gene
disorders, it does not have the sensitivity or resolution to identify genes responsible for
polygenic disorders such as CAD.

To pursue genes associated with a polygenic disease such as CAD would require a case-control
association study. In contrast to linkage analysis, the DNA genotyping is of unrelated cases and
controls. In this approach, the frequency of DNA markers in cases would be compared to that of
controls and if significantly more common in cases, it would indicate the marker is in a DNA
region associated with increased predisposition to the disease(17). It was recognized in the
1990s that this approach would require hundreds of thousands of DNA markers to span the
human genome. It would also require large sample sizes of several thousand cases and several
thousand controls. In the absence of these DNA markers, the first approach to the case control
analysis was to select Candidate genes based on their function and compare their frequency in
cases versus controls. Studies reported over 100 candidates associated with genetic
predisposition for CAD(18),(19), of which almost none would be confirmed in subsequent
studies.

The first major breakthrough came in 2005 with the development of a micro-array of 500,000
DNA markers(20) followed by arrays containing 1 million DNA markers(21). These markers
were single nucleotide polymorphisms (SNPs), which had been characterized and annotated to
their chromosomal location by the HapMap Project(22). Given the human genome has 3.2
billion nucleotides, this means a marker exists on average for every six thousand nucleotides.
This approach, referred to as a Genome Wide Association Study (GWAS), represents an
unbiased approach whereby markers were distributed throughout the human genome, with no
preference in terms of their selection. However, with a p-value of 0.05 utilizing 1 million
markers the chances of finding false positives would be about 25,000. To minimize or eliminate
these false positives, it would be necessary to do some form of statistical correction which was
recommended(23) to be the Bonferroni correction, whereby a p-value of 0.05 is divided by 1
million, giving a corrected p-value of 0.00000005 ( p<5x10-®)s referred to as genome wide
significant(24). Secondly, a marker showing an association with CAD of genome wide
significance in the discovery population had to be confirmed in an independent population,
referred to as the replication sample. This review will summarize only those genetic risk factors
discovered to be of genome wide significance and also replicated in an independent population.



Discovery of 9p21, the first genetic risk variant associated with CAD

In our first attempt to perform a GWAS in pursuit of genes for CAD, we recruited the Ottawa
Heart Genomic Study (OHGS)(25). The criterion for CAD cases was individuals with documented
coronary artery disease, diagnosed in males before 55 years of age and in females before 65
years. The diagnosis of CAD required 50% obstruction in one or more coronary vessels on a
coronary angiogram or documented myocardial infarction (Ml). Controls were required to be
asymptomatic and over 65 years for males and over 70 years for females. A GWAS(25) was
performed with the OHGS as the discovery population, with replication in multiple independent
populations from Texas (Houston and Dallas) and Denmark. The total sample size exceeded
23,000. A genetic risk variant associated with CAD was located on the short arm of
chromosome 9, now commonly referred to as 9p21(26). Simultaneously and independently, the
deCode Group also discovered 9p21(27). Within months, investigators from around the world
confirmed that 9p21 was a significant risk factor for CAD(28). A carrier of 9p21 with one copy
(heterozygote) was associated with increased risk of 25% and with two copies (homozygote), a
50% increased risk. In individuals with premature coronary artery disease, 9p21 increases the
risk for CAD by about two-fold(27). The unexpected and most surprising finding was that the
risk of 9p21 for CAD is independent of all known risk factors for CAD. Secondly, it was indeed
very common, with 9p21 occurring in over 75% of the population. These observations were
confirmed around the world in all ethnic groups except Africans and African Americans(28). In
the latter group 9p21 appears to carry no increased risk due to the 9p21 region having been
broken up into several smaller regions, each associated with minimal, if any, increased risk.
Subsequent studies show 9p21 risk variant contributes to increased risk for intracranial and
abdominal aortic aneurysms(29), and Alzheimer’s disease(30). The molecular mechanism
whereby 9p21 mediates its risk for CAD remains unknown. The various experimental and
clinical studies exploring the mechanism of action of 9p21 were discussed and summarized in a
recent review(31). While the molecular mechanism of 9p21 is unknown, its site of action has
been confirmed. All studies have consistently shown the 9p21 risk variant relates to coronary
atherosclerosis and only secondarily to myocardial infarction(32),(33),(34),(35). Some studies
have also suggested 9p21 to be associated with the rate of progression of coronary
atherosclerosis(32),(35). However, there are other studies(33),(36), which have not confirmed
this correlation. All of these studies have been cross-sectional and related to incidental events,
such as Ml or cardiac death. Determining if the 9p21 risk variant is related to progression of
coronary atherosclerosis may require a longitudinal study assessing progression of coronary
atherosclerosis on coronary angiography, rather than the sequelae such as myocardial
infarction.

Success of GWAS in Discovery of Genetic Variants for CAD

Following the discovery of 9p21, several GWAS were performed for CAD as well as for other
diseases and by 2009, twelve other genetic risk variants associated with CAD were
discovered(28). An analysis of the data indicated there were multiple risk variants associated
with CAD, each having only minimal genetic effect. This emphasized to the investigators that it
would require even larger sample sizes than expected to identify genetic risk variants for CAD.
Several centres performing GWAS for CAD agreed to collaborate and pool their samples,
expertise and other resources to perform a meta-analysis. The International consortium,



dedicated to discovering genes associated with CAD(37), would be the largest international
collaboration in the history of cardiology. The consortium was referred to as the Coronary
Artery Disease Genome Wide Replication And Meta-Analysis (CARDIOGRAM) study, which
involved investigators from the UK, Germany, USA, Iceland and Canada. The initial sample size
was 86,995 of which all were of European ancestry. This consortium led to the discovery initially
of 14 new genetic risk variants for CAD and the confirmation of 10 previously identified risk
variants(38). This was followed by the results of another GWAS, the Coronary Artery Disease
C4D Genetics Consortium(39), resulting in 4 additional genetic risk variants for CAD and The IBC
50K CAD Consortium identified 3 additional risk variants for CAD(40). CARDIoGRAM and C4D
subsequently joined together to form CARDIOGRAM plusC4D with a sample size of over
240,000. Utilizing these resources a meta-analysis was performed, which led to the discovery
and confirmation of 46 genetic risk variants associated with CAD(41). There are currently a total
of 50 genetic risk variants predisposing to CAD, all of genome wide significance with
confirmation in independent populations (see Table 1). In addition to the progress for CAD,
GWAS has experienced remarkable success in the past eight years, having discovered more
than 3,000 genetic risk variants as risk factors for more than 300 diseases(42).

Genetic risk variants confirm the long suspected genetic predisposition for CAD

The results of GWAS confirm the epidemiological studies indicating that CAD has a genetic
predisposition as expected for most diseases. The 50 genetic variants are far less than expected
to account for the 40% to 60% of genetic predisposition. It would appear there are many more
genetic variants for CAD to be identified. All of the genetic variants are very common, which
proves the theory that common diseases relate to common genetic variants. The plethora of
genetic risk variants for CAD have strong implications for the prevention and treatment of this
disease. The goal of this century is to intensify the prevention of CAD, which will require
comprehensive prevention programs.

The source and evolution of human DNA variation

The DNA sequence of the human genome is 99.5% identical(43). Thus, the variation in human
features, such as the color of one’s hair, eyes or predisposition to disease is due to the 0.5%
difference in DNA sequences. Over 80% of human variation is due to SNPs(43), of which each
human genome has about 3 million. The human genus Homo separated from its higher primate
ancestry about 6 million years ago(44),(45). Over this interval, several species evolved with
Homo sapiens appearing about 300,000 years ago(46),(47), which is now regarded as the
modern human. The origin of human DNA variation is primarily due to DNA copying errors
during replication of the two strands of DNA (48),(49). DNA turns over every few days with less
than one error per billion bases created, nevertheless, over thousands of generations it is
enough to induce a significant number of mutations which, when they occur in the egg or
sperm, can be transmitted to the next generation. About 94% percent of the copying errors are
substitutions of a single nucleotide(48),(49). The recently estimated mutation rate of 1.4x10-
8(50) leads to 40 new mutations per generation. The world’s population of 7 billion has 400
billion new mutations in the current generation and over 90% of these new mutations are SNPs
which are contained in the 3 million SNPs in each genome. These SNPs in the initial offspring



are extremely rare and their fate will be determined by Darwinian principles based on whether
they are favorable, detrimental or benign to survival. If the SNP has a favorable effect on
human survival, it will increase in frequency with each succeeding generation, while those SNPs
that are harmful, will remain rare with the tendency for them to be eliminated from the
genome.

The genetic variants associated with risk for CAD appear to be “paradoxical”

The 50 genetic variants associated with increased risk for CAD have many features in common
with each other as well as with genetic risk variants associated with other diseases. All of the
genetic variants occur frequently in the population and are distributed throughout the genome.
Since the genetic risk variants for CAD are very common, it would indicate that these SNPs
increased in frequency with each succeeding generation because they are associated with
improving human survival. Their deleterious effect of contributing to the pathogenesis of CAD is
a secondary incidental function that is probably age-dependent and represents only an
unintended residual. Several of the genetic risk variants for CAD are involved with innate or
adaptive immunity which, through their inflammatory response to infections and other forms
of injury, have prolonged the lifespan of mammals such as humans. However, repeated bouts
of inflammation, while a necessary prerequisite to fight off infections, can over the years
contribute to some of the components known to induce atheroma, the hallmark of CAD.
Inflammation, long suspected to contribute to the pathogenesis of atherosclerosis, may be
further understood through elucidating the mechanisms whereby genetic variants mediate
their risk.

Common features of Genetic risk variants for CAD

The wide-spread use of GWAS to discover genetic risk variants for common polygenic diseases
has met with remarkable success. In just over five years, over 2800 genetic variants have been
discovered as risk factors for more than 300 diseases(42). The genetic risk variants for CAD
have many features in common with each other, and are similar to genetic variants for other
polygenic disorders:

1. The genetic risk variants for CAD are very common occurring on average, in 50% of the
population, with the frequency varying from 2% to 91% (see Table 1).

2. The relative increased risk of each genetic variant is small, averaging 18% with an Odds
Ratio (OR) varying from 2% to 90%.

3. The genetic risk for CAD is related to the number of risk variants inherited, as opposed to
the potency of a genetic variant. In a CARDIOGRAM analysis of 23 genetic risk variants for
CAD, the average number of genetic risk variants inherited per individual (case or control)
was 17, varying from a minimum of 7 to a maximum of 37.

4. Most of the genetic risk variants for CAD, as for other common diseases, are located in DNA
sequences that do not code for protein. This means the risk variant mediates its risk for CAD
directly or indirectly through regulation of up-stream or down-stream DNA sequences that
code for protein.

5. All DNA genetic risk variants need only be assessed once per lifetime, since one’s DNA does
not change over one’s lifetime, and neither do they vary with time, meals, drugs or gender.



Genetic risk variants for CAD indicate factors in addition to cholesterol contribute to the
pathogenesis of atherosclerosis and myocardial infarction

It is worthy of note that only 15 of the 50 genetic risk variants are associated with conventional
risk factors for CAD [seven associated with Low Density Lipoprotein-Cholesterol (LDL-C); one
with High Density Lipoprotein (HDL); two with triglycerides; four with hypertension; and one
with coronary thrombosis]. The remaining 35 risk variants operate through mechanisms yet to
be determined. The immediate surprise is that many other factors other than cholesterol
contribute to the pathogenesis of atherosclerosis. This has important implications for both
primary and secondary prevention of CAD, as well as treatment for the disease. It has long
been assumed that cholesterol is the main culprit and for that reason, our primary and
secondary prevention are all aimed at decreasing plasma LDL—C by utilizing drugs that decrease
the synthesis of cholesterol or by modifying the diet to decrease cholesterol intake. To prevent
CAD will require more comprehensive prevention of both genetic and other environmental risk
factors. Research can now be directed towards these new genetic risk factors in the hope of
identifying new pathways that lead to CAD. This implies a great opportunity to develop new
biomarkers for detecting early CAD as well as unique targets for novel therapy. Just as 10 of
these genetic risk variants mediate their risk through lipids, it is expected that of the 35 genetic
risk variants of unknown function, their risk will be mediated through only a few pathways. Itis
self-evident that until we identify these pathways, we are unlikely to be successful in
prevention of CAD. The identification of mutations in PCSK9 has already led to the
development of new therapies for CAD as described below.

Genetics catalyzed the first drug to lower plasma cholesterol and recent mutations in PCSK9
have again led to the development of a novel therapy

One of the major observations confirming the link between cholesterol and heart disease was
from human genetics. In the 1970s, a family with hypercholesterolemia, due to a mutation in
the LDL-receptor, experienced heart attacks in their 2"® and 3" decade of life(51). This
observation catalyzed efforts to find a drug to lower plasma levels of LDL-C. Two decades later,
a drug which inhibits cholesterol synthesis was introduced. All drugs acting through this
mechanism are referred to as statins. Statins provide the main and essentially the only drug, for
primary and secondary prevention of hypercholesterolemia with a world-wide budget for
statins alone of over $70 billion.

One of the genetic risk variants shown in Table 1 is that of PCSK9, which increases the
degradation of LDL-receptors and is associated with hypercholesterolemia(52), and increased
mortality from heart disease. Subsequently, mutations in the gene encoding for PCSK9 were
identified, and those associated with increased function were associated with higher
cholesterol levels and increased cardiac morbidity and mortality. In contrast, mutations
inducing loss of function of PCSK9, were associated with hypocholesterolemia and a decreased
incidence of Ml and death. African Americans that inherited hypocholesterolemia due to loss
of function mutations in PCSK9 showed a mean reduction of 28% in plasma LDL-C levels and a
mean reduction of 88% in the risk of CAD. Despite these families being exposed to a lifelong
duration of hypocholesterolemia, there were no adverse side effects(53). Several
therapies(54),(55),(56),(57) have been developed to inhibit PCSK9 and are now undergoing



clinical trials. The one appearing most promising is a monthly injection of a monoclonal
antibody(56),(57). Results of Phase | trials showed no significant side effects and LDL-C
reductions of 41% to 58%(58). Phase Il trials were in individuals with hypercholesterolemia
receiving atorvastatin treatment. Those receiving 80mg atorvastatin alone had a mean
reduction of 17% in their LDL-C, versus 72% reduction in LDL-C for those receiving 80mg
atorvastatin plus the PCSK9 antibody(58). Phase lll clinical trials are currently ongoing. This is a
very important development for prevention of heart disease, recognizing that cholesterol is a
major culprit in the pathogenesis of CAD. It was recently confirmed in a UK study(59) that only
28% of individuals receiving a statin reached the recommended target for plasma LDL-C. There
are several reasons for not obtaining this target, but one is intolerance associated with high
doses of statins. Inhibition of PCSK9 provides a complementary therapy to statins since it can
lower the plasma levels of LDL-C without affecting the synthesis of cholesterol. In just a few
years, since this genetic discovery, a new and potent therapy is emerging for the treatment of
hypercholesterolemia. Thus, genetic observations have again provided us new insight and
novel therapy for CAD.

Blood groups A and B are risk variants for myocardial infarction with therapeutic implications

It is surprising the only genetic risk variant associated primarily with Ml (see Table 1), rather
than coronary atherosclerosis is that of blood groups A and B. In a CARDIoOGRAM study(34), a
GWAS was performed in 4,372 patients with documented CAD by angiography and confirmed
M, and 2,739 patients with documented CAD without MI. There was a strong association
between the ABO blood group locus at 9g34.2 and MI, however, no association with CAD

per se. This was replicated in an independent population. Epidemiologists have claimed for
decades that blood group O offers protection from MI. A, B and O blood groups are different
forms of the same gene at 99q34.2. The A and B genes encode for a protein (alpha-1-3N-
acetylgalactosaminyltransferase) which transfers a carbohydrate moiety onto von Willebrand
Factor (VWF). This prolongs the life of VWF and predisposes to coronary thrombosis and MI.
The blood group O gene codes for a protein which has been mutated and lacks any biochemical
activity and thus does not transfer the carbohydrate moiety onto vWF. Thus, individuals with
blood group O show no increased risk for Ml.

The frequency of the gene that encodes for A or B blood group occurs in about 57% of
Caucasians. The average relative increased risk for Ml is about 20% depending on the
genotype. In the recent Nurses' Health Study and Health Professionals Follow-up Study of over
90,000 individuals 4,070 developed heart disease. In this 20 year follow-up study, having blood
group A or B alone was associated with an increased risk of Ml of about 10%, however, the
combination of A and B blood groups increased the risk to 20%(60). It has also been shown that
plasma levels of VWF complex are approximately 25% higher in individuals with A, B, or AB
blood groups, as opposed to blood group O(61).

These results have important implications for people undergoing angioplasty, by-pass surgery
and other such procedures. Individuals of blood group A or B should be considered for some
form of antiplatelet therapy.

Plasma cholesterol, a known risk factor for CAD is under intense genetic regulation



Epidemiological and genetic studies have documented for decades that 80% of cholesterol is
synthesized endogenously and plasma levels of LDL-C, HDL-C, triglycerides, and total
cholesterol are 60% to 80% regulated by genetic variants(62),(63),(64). The Lipid Consortium
and the CARDIoOGRAM consortium performed a GWAS on a sample size of over 100,000
individuals, genotyped for genes related to plasma levels of lipids. We identified a total of 95
associated genetic variants(65), and in a follow-up study the Global Lipid Genetics consortium
with a sample size of 188,577 individuals, identified an additional 62 genetic variants associated
with plasma lipids(66). The combination of the two studies discovered 157 genetic variants
associated with plasma lipid levels [55 associated with plasma HDL-C; 37 associated with LDL—
C; 54 associated with total plasma cholesterol levels; and 24 associated with plasma triglyceride
levels]. The results of GWAS have repeatedly shown that triglyceride is a risk factor for coronary
artery disease. These studies along with epidemiological studies strongly indicate that
triglyceride levels must be managed along with the management of cholesterol. Interestingly, in
a recent study of cardiogram we did not observe any association of genetic variants in HDL-C
with MI, despite the life-long exposure to increased plasma levels of HDL-C. In the same
studies, genetic variants associated with increased plasma levels of LDL—C were associated with
a marked increase risk of Ml with ratios of 2.1 as expected from previous studies. Previous
studies involving niacin, alcohol, exercise, and statins showing plasma HDL-C protects against
CAD are confounded because while these drugs increase HDL-C, they also decreased LDL-C and
to some extent plasma triglyceride levels. In our study we selected genetic variants associated
solely with an increased plasma HDL-C, without any change in plasma LDL-C or triglycerides.
The indication that HDL-C, is not protective of Ml is also in keeping with recent clinical trials
showing increased plasma HDL—-C is not associated with a decreased incidence of cardiac
events, including mortality. There is, however, the concern that previous studies related
protection to HDL mass, whereas studies for the past four decades have related protection to
plasma HDL cholesterol.

Where do genetic risk variants fit in management of CAD

Currently, the answer would be that they do not. One might argue that until there is some
therapy to alter their risk, why would one screen for these genetic risk variants? If one has to
await the development of drug therapy, it could certainly be 10 years away, other than what
has already been identified for PCSK9 or antiplatelet therapy for blood groups A and B. Another
approach to incorporating independent genetic risk variants, such as 9p21, into the
management of CAD is on the basis of increased burden of risk as outlined by the Adult
Treatment Panel Il (ATPIII). Currently, the ATPIlIl recommends LDL-C>190 mg/dl be reduced in
individuals with one other risk factor and individuals with LDL-C<160 mg/dl be reduced if they
have two other risk factors. One of these other risk factors could be an independent genetic
risk factor such as 9p21, since there is universal agreement that 9p21, like the 34 other genetic
risk factors, are independent of conventional risk factors. The ATP panel could then assess
whether individuals positive for 9p21 and no other risk factors should have LDL-C reduced. It is
important to note that for 9p21, in individuals with premature CAD, that it is associated with a
two-fold increased risk—this is greater than the risk from smoking or that associated with a
moderate increase in blood pressure or plasma LDL-C.



A promising future for the prevention of CAD

The findings of genetic risk variants for CAD and other diseases are permanently incorporated
into our genome. Their utilization to improve the prevention and treatment of CAD will
undoubtedly occur in the future. It took 20 years from the time a genetic defect was
discovered in the LDL-receptor was shown to be associated with hypercholesterolemia and
premature Ml until a drug was developed to lower plasma cholesterol. That drug of course is
known today as a statin and is almost the sole treatment for prevention of CAD. It is less than
10 years since the first mutation was identified in PCSK9 and shown to be associated with
plasma LDL-C. A monoclonal antibody to inhibit PCSK9 is already in Phase Il Clinical Trials and
shown to be a safe and potent therapy to lower LDL-C and decrease morbidity and mortality
from CAD.

The challenge for the next decade will be to identify the molecular mechanisms mediating the
risk of those genetic risk variants, particularly those that do not act through known
conventional risk factors. There is considerable evidence(41),(67) that several of these genetic
risk variants predispose to CAD through inflammatory pathways. It is reasonable to assume
that genetic risk variants will lead to further markers for earlier detection of CAD as well as
other drug therapies to interrupt or attenuate the risk.



Tablel: Genetic risk variants associated with coronary artery disease or myocardial infarction

Chromosonal Single Nucleotide Nearby Genes Frequency of  Odds Ratio
Location Polymorphism Risk Variant (95% Cl)

(SNP) in population
Risk Variant associated with LDL Cholesterol
6025.3 rs3798220 LPA 1.92 (1.48-2.49)
2p24.1 rs515135 APOB 2% 1.03
1p13.3 rs599839 SORT1 83% 1.29(1.18-1.40)
19p13.2 rs1122608 LDLR 78% 1.14 (1.09-1.19)
19913.32 rs2075650 APOE 77% 1.14 (1.09-1.19)
2p21 rs6544713 ABCG5-ABCGS8 14% 1.07 (1.04-1.11)
1p32.3 rs11206510 PCSK9 29% 1.15(1.10-1.21)
Risk Variant associated with HDL Cholesterol
6p21.31 rs12205331 ANKS1A 81% 1.04
Risk Variants associated with Triglycerides
8024.13 rs10808546 TRIB1 65% 1.08 (1.04-1.12)
119g23.3 rs964184 ZNF259, APOA5-A4-C3-Al 13% 1.13 (1.10-1.16)
Risk Variants associated with Hypertension
12924.12 rs3184504 SH2B3 44% 1.13 (1.08-1.18)
10g24.32 rs12413409 CYP17A1, CNNM2, NT5C2 89% 1.12 (1.08-1.16)
49g31.1 rs7692387 GUCYA3 81% 1.13
15926.1 rs17514846 FURIN-FES 44% 1.04
Risk Variant associated with increased coronary thrombosis and myocardial infarction
9g34.2 rs579459 ABO 21% 1.10 (1.07-1.13)
Risk Variants whose mechanism for mediating risk for CAD is unknown
9p21.3 rs4977574 CDKN2A,CDKN2B 46% 1.25(1.18-1.31)

to 1.37 (1.26-1.48)

1g41 rs17465637 MIA3 74% 1.20 (1.12-1.30)
10g11.21 rs1746048 CXCL12 87% 1.33(1.20-1.48)
2g33.1 rs6725887 WDR12 15% 1.16 (1.10-1.22)
6p24.1 rs12526453 PHACTR1 67% 1.13(1.09-1.17)
21g22.11 rs9982601 MRPS6 15% 1.19(1.13-1.27)
3022.3 rs2306374 MRAS 18% 1.15(1.11-1.19)
10p11.23 rs2505083 KIAA1462 42% 1.07 (1.04-1.09)
1p32.2 rs17114036 PPAP2B 91% 1.17 (1.13-1.22)
5¢31.1 rs2706399 IL5 48% 1.02 (1.01-1.03)
6023.2 rs12190287 TCF21 62% 1.08 (1.06-1.10)
7922.3 rs10953541 BCAP29 75% 1.08 (1.05-1.11)
7932.2 rs11556924 ZC3HC1 62% 1.09 (1.07-1.12)
10923.31 rs1412444 LIPA 34% 1.09 (1.07-1.12)
11g22.3 rs974819 PDGF 29% 1.07 (1.04-1.09)
13934 rs4773144 COL4A1, COL4A2 44% 1.07 (1.05-1.09)
14932.2 rs2895811 HHIPL1 43% 1.07 (1.05-1.10)
15025.1 rs3825807 ADAMTS7 57% 1.08 (1.06-1.10)
17p13.3 rs216172 SMG6, SRR 37% 1.07 (1.05-1.09)
17p11.2 rs12936587 RASD1, SMCR3, PEMT 56% 1.07 (1.05-1.09)
17qg21.32 rs46522 UBE2Z, GIP, ATP5G1, SNF8 53% 1.06 (1.04-1.08)
5p13.3 rs11748327 IRX1, ADAMTS16 76% 1.25[1.18-1.33]
6p22.1 rs6929846 BTN2A1l 6% 1.51(1.28-1.77)
6p24.1 rs6903956 C6orf105 7% 1.65 (1.44-1.90)
6p21.3 rs3869109 HCG27 and HLA-C 60% 1.15
1921 rs4845625 IL6R 47% 1.09
Chr4 rs1878406 EDNRA 15% 1.09
7p21.1 rs2023938 HDAC9 10% 1.13
2pll.2 rs1561198 VAMP5-VAMP8 45% 1.07
Chr2 rs2252641 ZEB2-AC074093.1 45% 1
Chr5 rs273909 SLC22A4-SLC22A5 14% 1.11
6p21 rs10947789 KCNK5 76% 1.01
6026 rs4252120 PLG 73% 1.07
8p22 rs264 LPL 86% 1.06
13g12 rs9319428 FLT1 32% 1.1
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