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ARTICLE INFO ABSTRACT

Myocardial infarction (MI) is the death of myocytes due to prolonged ischemia which is the result of perfusion-
demand mismatch in the corresponding tissues. Although the medical field has progressed tremendously in
elaborating treatments in the form of drug-eluting stents and medications, coronary heart disease (CHD) is still
the leading cause of death worldwide. In fact, the WHO fact sheet reviewed in June 2016 declares that
cardiovascular disease (CVD) is the number one cause of death globally. Therefore, more emphasis should be put
on implementing preventive measures to reduce the burden of CHD. Elucidating the details of the genetic
predisposition to CHD including MI enhances our prognostic capacities and allows for more effective
interventions.

In this review, we explore the contribution of 10 genes to myocardial infarction; these genes code for Factor
V, Factor II, MTHFR, PAI, HPA-1, ACE, Apo B, Apo E, Fibrinogen, and Factor XIII. Some of these genes are
directly associated with MI. Other genes are less important. The findings are summarized in a table at the end of
the review. The take-home message is a recommendation for incorporating genetic screening for the major
thrombosis-associated genes (mutations and polymorphisms) into the initial diagnostic work-up of a patient
presenting with myocardial infarction or coronary artery disease and into the prognostic and preventive work-up
of high risk individuals.
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Introduction

Biochemistry Markers of myocardial cell death recovered
from blood samples

Electrocardiography Evidence of myocardial ischemia (ST-T
segment changes)

Evidence of loss of electrically functioning
cardiac tissue (Q waves)

Reduction or loss of tissue perfusion

Cardiac wall motion abnormalities

Myocardial infarction is the death of myocytes due to prolonged
ischemia which is the result of perfusion-demand mismatch in the
corresponding tissues. This ischemia is usually the result of a thrombo-
tic occlusion of coronary arteries due to a ruptured atherosclerotic
plaque followed by a coagulation process (Alizadeh et al., 2016).
Symptoms associated with myocardial infarction usually last for > 20
min, although in some cases less, and in other cases no symptoms are
associated with myocardial necrosis. The symptoms are usually chest

Imaging

discomfort with pain radiating to the left arm, shoulder, back, or jaw.
The pain is not usually sharp or localizing, and in some cases is
associated with shortness of breath, sweating, vomiting, or light-head-
edness (Alpert et al., 2000). In some atypical cases, discomfort may
occur in the epigastrium, shoulder, arm, wrist, or back in the absence of
chest discomfort (Alpert et al., 2000). The following table taken from a
consensus document of The Joint European Society of Cardiology/
American College of Cardiology committee summarizes the different
aspects of myocardial infarction;

Aspects of MI by different techniques (Alpert et al., 2000).

The WHO fact sheet reviewed in June 2016 declares that cardio-
vascular disease (CVD) is the number one cause of death globally.
Moreover, WHO estimates that in 2012, 17.5 million people died from
CVD, and 7.4 million of those died from coronary heart disease (CHD)
(see link http://www.who.int/mediacentre/factsheets/fs317/en/).
Myocardial infarction is a key constituent of the cardiovascular
diseases, the burden of which is increasing with the increase in life
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expectancy (Roger, 2007). In fact it is reported in the literature that few
years ago, the annual mortality from MI was around 157,000 in the US
and around 50,000 in Japan (Yamada et al., 2008). These statistics
highlight the need for more effective interventions to reduce the public
burden of CHD including myocardial infarction. Identifying the risk
factors for myocardial infarction is the first step toward better inter-
vention.

Risk factors for myocardial infarction are usually split into modifi-
able and non-modifiable. The modifiable risk factors include hyperten-
sion, hypercholesterolemia, smoking, diabetes, obesity, increased alco-
hol consumption, decreased physical activity, anxiety, and depression.
The non-modifiable risk factors include older age, male gender, and
family history of premature coronary artery disease (Tabei et al., 2014).
In fact it is mentioned in the literature that individuals who have a first
degree relative with MI are at a seven-fold higher risk of MI than those
who do not (Ranthe et al., 2015).

The presence of family history of premature coronary artery disease
(CAD) as a risk factor highlights the genetic contribution to the
pathogenesis of CAD and MI. In fact, a study conducted in Kuwaiti
population in 2009 found a significant association (p < 0.001) with an
adjusted odds ratio of 9.32 for family history of coronary artery disease
and myocardial infarction. The study included 88 MI patients and 122
controls matched for gender and age (Al-Bustan et al., 2009). This high
odds ratio sheds light on the genetic contribution to myocardial
infarction. In fact, several studies have reported that conventional risk
factors contribute only 50% of the total risk of cardiovascular diseases,
while the genetic predispositions contribute to the remaining. This
genetic contribution may be in the form of polymorphisms or mutations
at the level of coagulation cascades, blood pressure regulatory mechan-
isms, lipid, glucose or homocysteine metabolism (Alizadeh et al., 2016).

Although the medical field has progressed tremendously in elabor-
ating treatments in the form of drug-eluting stents and medications,
CHD is still the leading cause of death worldwide. For that, prevention
should be emphasized as a strategy to reduce the CHD burden. The
success of this strategy depends majorly on the ability to effectively
predict disease occurrence in certain patients. This is why more studies
are needed to elucidate the details of the genetic predisposition to CHD
including MI. This would allow for better prediction, and more effective
intervention.

In this review, we explore the contribution of 10 genes to
myocardial infarction; these genes code for Factor V, factor II,
MTHFR, PAI, HPA-1, ACE, Apo B, Apo E, Fibrinogen, and Factor XIII.
We particularly chose these genes because the physiologic interactions
of the corresponding mutations/polymorphisms theoretically predis-
pose to a hyper-coagulable state, their association with MI is commonly
investigated in the literature, and we have simple tools to screen for
them.

Methods

The main source of the studies reviewed is PUBMED. Meta-analysis
studies were of specific importance when searching the literature
because they provide large samples unlike the limited samples of the
majority of the case control studies published in the literature. Review
articles were best used to reach possible explanations for the discre-
pancy in the results among the various studies.

1. Factor V gene
1.1. Overview

Factor V is a protein that plays an essential role in the coagulation
cascade. In the active form, Factor V aids in the conversion of pro-
thrombin to thrombin and activated protein C plays an essential role in
the inactivation of the activated Factor V. A mutated variant of Factor V
is Factor V Leiden whereby glutamine replaces arginine at position 506
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(or adenine replaces guanine at position 1691). Factor V Leiden confers
resistance to activated protein C; therefor once activated, Factor V
remains in the active form resulting in a potential hyper-coagulable
state (Middendorf et al., 2004).

1.2. Results from the literature

The literature is full of studies providing positive correlation
between Factor V Leiden and cases of thrombosis. A study in 2001 by
Gurgey et al., demonstrated that 30.8% of 146 thrombotic patients with
mean age of 36 years had Factor V Leiden (Gurgey et al., 2001).
However, only 7.1% of the control subjects had the mutation. These
thrombotic cases included venous as well as arterial thrombosis. A
meta-analysis published in 2004 found a statistically significant asso-
ciation between ischemic strokes and Factor V Leiden with an odds
ratio of 1.33 (95% CI, 1.12-1.58) (Soare and Popa, 2010). Approaching
more the context of myocardial infarction, a meta-analysis on 191
studies was published in 2006 studying the correlation between seven
gene polymorphisms and coronary disease. It compromised 66,151
cases and 91,307 controls. The per allele relative risk of Factor V Leiden
for coronary disease was 1.17 (95% CI, 1.08-1.28) indicating a
moderate association (Ye et al., 2006). Another meta-analysis showed
a modest, yet statistically non-significant association between Factor V
Leiden and arterial ischemic events with an odds ratio of 1.21 (95% CI,
0.99-1.49) (Kim and Becker, 2003). Studies providing association
between Factor V Leiden and myocardial infarction per se were also
published. A study in Munich containing 507 MI patients with an
average age of 56.1 years and 404 controls with an average age of
54.4 years demonstrated a positive correlation with an odds ratio of
2.46 (95% CI, 1.35-4.50) (Middendorf et al., 2004). Both cases and
controls contained similar proportions of males vs. females, with the
males being more than the double. In another study, there were 560
men with first MI before the age of 70, and 646 controls matched by
age. The odds ratio for the association between myocardial infarction
and Factor V Leiden was however non-statistically significant, 1.4 (95%
CI, 0.8 to 2.2) (Doggen et al., 1998).

In a meta-analysis study done by Diox et al., in 2003, there was no
significant association between Factor V Leiden and myocardial infarc-
tion (OR = 1.25; 95% CI, 0.97-1.58). However, stratification by age
revealed interesting results. Factor V Leiden was significantly asso-
ciated with MI in patients < 55 years of age (OR = 1.48; 95% CI,
1.05-2.08) (Doix et al., 2003). Another study by Butt et al. (2003)
showed similar results; in both cases and controls, Factor V Leiden
showed a prevalence of 4.6%. However, it was found in 13.0% in early
MI patients compared to 3.8% in older patients, and 4.8% in control
subjects of similar age group (de Moerloose and Boehlen, 2007). In a
study done by Tomaiuolo et al., there was no significant difference
between cases of acute myocardial infarction (AMI) and the general
population regarding the prevalence of Factor V Leiden, but there was a
significant one between the cases of young AMI females and the general
population with an allelic odds ratio of 3.67 (95% CI, 2.45-5.49)
(Tomaiuolo et al., 2012). These results hint to the significant contribu-
tion of Factor V Leiden to early MI cases. In fact it is reported in the
literature that among young patients and in addition to the classical risk
factors for myocardial infarction, family history of myocardial infarc-
tion among first degree relatives constitutes a leading risk for MI
(Sakowicz et al., 2013). A possible explanation is that in cases of early
MI, classical risk factors have limited time to materialize in MI, and
therefore genetic predispositions dominate and takeover (Sakowicz
et al., 2013).

Evidence for this possible explanation has been reported in the
literature. Middendorf et al., reported that the amount of atherosclero-
sis in MI patients heterozygous for Factor V Leiden is less than expected.
For that, Factor V Leiden increases the susceptibility for MI early in the
disease process (Middendorf et al., 2004). In another study, researchers
did not find a significant association between Factor V Leiden and MI in
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the global population (OR = 1.25; 95% IC, 0.97-1.58), but in subgroup
analysis for MI patients without significant coronary artery stenosis
they found a significant association when compared to the control
group (OR = 2.84; IC = 1.46-5.51). Moreover, Factor V Leiden was
significantly more prevalent in MI patients without significant coronary
stenosis compared to MI patients with significant coronary stenosis
(OR = 3.26; IC, 1.67-6.36) (Doix et al., 2003). It is interesting to note
that the odds ratio when comparing MI without significant stenosis to
MI with significant stenosis (3.26) was more than that when comparing
MI without significant stenosis to a control group (2.84). A possible
explanation is that the prevalence of Factor V in MI patients with
significant stenosis is decreased by the fact that carriers would have
developed MI before getting to significant coronary stenosis.

Several studies highlighted a synergistic effect between Factor V
Leiden and smoking. In one study conducted on young females,
minimal association between Factor V and MI was found in nonsmokers
(OR = 1.1; 95% CI, 0.1-8.5), but the association was exaggerated in
smokers (OR = 3.6; 95% CI, 0.9-14.4) (Rosendaal et al.,, 1997a,
1997b). However both associations were statistically non-significant.
In another study taking Factor V Leiden and prothrombin mutation as
coagulation defects, smokers carrying the defect had six times higher
risk of MI than nonsmoker without the defect, whereas smokers without
the defect had 3 times higher risk (Doggen et al., 1998).

Few studies in the literature found no association between Factor V
Leiden and myocardial infarction. In a study containing 177 MI patients
and 89 controls, the odds ratio for carriers of Factor V Leiden was 0.9
(95% CI, 0.3-2.6) (Redondo et al., 1999); an association that is anyway
statistically non-significant.

1.3. Conclusion

It is quite evident from the literature that Factor V Leiden is
associated with myocardial infarction. This association seems more
robust in the early MI cases without significant coronary stenosis. The
negative association in few studies is probably the result of small
sample sizes or underrepresentation of early MI cases.

2. Factor II gene
2.1. Overview

Factor II, or prothrombin, is a key protein in the coagulation
cascade. Thrombin is formed from prothrombin by a series of reactions
and has pro-coagulant as well as anti-coagulant activity. When present
in high levels, thrombin plays a pro-coagulant role by inducing the
conversion of fibrinogen to fibrin, and by increasing the amounts of
active Factor V and VIIL. In low levels however, factor II plays an
anticoagulant role by generating the active form of protein C which
inactivates Factor V (Arruda et al., 1998).

Prothrombin G20210A is a genetic mutation in the 3’ untranslated
region of the prothrombin gene and is associated with elevated levels of
pro-thrombin compared to the wild type. In one study, the average
value of prothrombin was 1.32 U/ml in individuals with G/A genotype,
whereas it was 1.05 U/ml in those with G/G genotype (Doggen et al.,
1998).

2.2. Results from the literature

It is well established in the literature that prothrombin G20210A
mutation is associated with venous thrombosis. The association with
arterial thrombosis and myocardial infarction is not as evident. The
majority of studies point out to a positive association with arterial
thrombosis and myocardial infarction, but the association is many times
restricted to certain subgroups.

A meta-analysis done in 2003 on the association between prothrom-
bin G20210A mutation and events of arterial circulatory system found a
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modest association with an odds ratio of 1.32 (95% CI, 1.03-1.69) (Kim
and Becker, 2003). De Stefano et al., found a significant association
between prothrombin G20210A mutation and cerebrovascular ischemic
disease in young patients. In their study, they investigated 72 patients
with documented ischemic strokes before the age of 50 and 198 control
individuals who had never had any thrombotic event. G20210A allele
was associated with ischemic strokes with an odds ratio of 5.1 (95% CI,
1.6-16.3) (de Stefano et al., 1998). These studies demonstrate the
contribution of this genetic mutation to arterial thrombosis.

In another study by Doggen et al. (1998) 560 MI male patients <
70 years of age, and 646 male controls matched for age were
compared. A positive, yet statistically non-significant association
between A/G genotype and MI was demonstrated with an odds ratio
of 1.5 (95% CI, 0.6-3.8) (Doggen et al., 1998). In a meta-analysis of 13
studies, including 3687 MI patients and 6078 controls, a statistically
non-significant positive association was also demonstrated between
mutated genotypes and myocardial infarction with an odds ratio of 1.19
(95%, CI 0.93-1.58) (Burzotta et al., 2004a). A study done is Sao Paulo
in 1998 found that the prevalence of the mutated allele in 295 neonates
from the general population was 0.33% while its prevalence in a group
of 220 MI patients was 3.2% (Arruda et al., 1998). A study done by
Rosendaal et al.,, on young women aged 18 to 44 years showed
interesting results. Subjects were 79 women with first MI and 381
control women. When investigating carrier-ship of this prothrombin
G20210A mutation, the odds ratio for MI was 4. 0 (95% CI, 1.1-15.1,
P = 0.038) (Rosendaal et al., 1997a, 1997b). However, further analysis
demonstrated that this mutation was not associated with MI in
individuals free of other risk factors like smoking or metabolic risk
factors. On the other hand, in smokers carrying the mutation, the risk of
MI was increased 43 folds (95% CI, 6.7-281) compared to non-smoking
females without the mutation. Similarly women having hypertension,
hypercholesterolemia, diabetes, or obesity and carrying the mutation
had 34 fold increased risk (95% CI, 5.5-209) compared to people
without these metabolic risk factors and not carrying the prothrombin
mutation. Meanwhile, patients with one of these 4 metabolic risk
factors not carrying the mutation had 5.3 times increased risk compared
to individuals without the risk factors (Rosendaal et al., 1997a, 1997b).
In the same context, a study done by Gardemann et al., in 1999 found
no association between FII G20210A mutation and CAD in the general
population. However, this mutation was implicated in CHD risk in
individuals of unfavorable lipid profile, smokers, or patients with high
glucose concentration whereby there was a marked difference in CHD
scores between G/A heterozygotes and G/G homozygotes (Gardemann
et al., 1999). These studies highlight the synergistic interaction between
FII G20210A mutation and major cardiovascular risk factors of CHD.

Several studies highlighted the age effect on the association between
FII G20210A mutation and MI. In the meta-analysis done in 2004 by
Burzotta et al., the odds ratio for MI associated with the mutated
genotypes compared to G/G genotype obtained from 13 studies was not
statistically significant, 1.19 (95% CI, 0.93-1.58). In the same study,
Burzotta et al. (2004b) did a meta-analysis on 6 reports involving
subjects < 55 years. The obtained odds ratio for MI associated with G/
A genotype compared to GG genotype was 1.77 (95% CI, 1.16-3.42)
which is higher than that of the general population obtained from the
13 studies. Also in the same study, Bruzotta et al. did a meta-analysis on
4 reports involving subjects less than or equal to 45 years. The obtained
odds ratio for MI associated with G/A genotype compared to G/G
genotype was 2.30 (95% CI 1.27-4.59) which is even higher than that
obtained for subjects < 55 years. In another study, Tomaiuolo et al.
(2012), found no association between FII G20210A mutated allele and
MI in patients with mean age of 69.5. However, in young AMI females
there was an association with an odds ratio of 3.84 (95% CI, 2.59-5.70).

Several studies reported no association between FII G20210A
mutation and MI. A study conducted on a large cohort of US men
found that the carrier rates for FII G20210A mutation was similar
among thrombotic patients and controls whereby the relative risk for
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suffering from a thrombotic event in carriers of the mutated allele was
not statistically significant, 1.05 (95% CI, 0.7 to 1.6; P = 0.8). There
was also no association between the mutation and MI (RR = 0.8,
P = 0.4) (Ridker et al., 1999). Authors of this study discussed that the
reason behind other studies showing association could be due to
different rates of the mutation in different populations or due to
underestimation of the prevalence of the mutation in the control groups
(Ridker et al., 1999). In another study, the prevalence of the mutation
did not differ significantly between CAD patients and controls (statis-
tically non-significant odds ratio 1.1; 95% confidence interval 0.3-3.8)
(Almawi et al., 2004).

The discrepancy in results of studies might be due to difficulty in
assessing the prevalence of this rare mutation in the general population
(Croft et al., 1999). On the other hand, Studies with negative associa-
tion might be missing on the synergistic effect of the mutation on major
cardiovascular risk factors or on the age stratified analysis.

2.3. Conclusion

Factor II G20210A mutation is associated with MI. The association
is particularly evident in the young individuals, and those with major
cardiovascular risk factors.

3. Methylenetetrahydrofolate reductase (MTHFR) gene
3.1. Overview

MTHFR is an enzyme that catalyzes the conversion of 5,10-
methylenetetrahydrofolate to 5-methyltetrahydrofolate. 5-methyltetra-
hydrofolate is the methyl donor in the remethylation of homocysteine
to methionine. Genetic defects of the enzymes involved in the remethy-
lation process or insufficient dietary intake of vitamin B cofactors result
in buildup of homocysteine (Alpert et al., 2000). Elevated levels of
homocysteine mediate endothelial cell damage and have been asso-
ciated with CHD (Alpert et al., 2000).

MTHFR 677C — T (Ala222Val) is a common polymorphism that
results in reduced activity of the enzyme. Individuals carrying this
polymorphism have reduced levels of 5-methyltetrahydrofolate and
subsequently elevated levels of homocysteine (Alpert et al., 2000). This
situation might predispose these individuals to CHD.

3.2. Results from the literature

Some studies have investigated the role of MTHFR 677C — T in
arterial events in general. In one meta-analysis, the researchers found a
modest association between the T/T genotype and events of the arterial
circulation with an odds ratio of 1.20 (95% CI, 1.02-1.41) (Kim and
Becker, 2003).

A study done on Japanese population found that the odds ratio for
CAD of V/V genotype (V for Valine instead of Alanine) vs A/V plus A/A
wasl.65 (Morita et al., 1997). Another study on Tunisian Arab
population found significant differences in the distribution of C/C, C/
T, and T/T genotypes among CAD patients and controls (49%, 35% and
16% versus 48.3%, 45.8% and 5.8%, respectively; P = 0.031) (Kerkeni
et al.,, 2006). The authors thus deduced that MTHFR 677C—T
polymorphism was associated with CAD.

Several meta-analysis investigated the contribution of MTHFR
677C - T to CAD and ML A study of 11,162 CAD patients and
12,758 controls found the T/T genotype to be significantly associated
with CAD with an odds ratio of 1.16 (95% CI, 1.05-1.28) when
compared to the C/C genotype (Alpert et al., 2000). In another meta-
analysis of 46 studies taking ischemic heart disease as an outcome, the
odds ratio for T/T vs C/C genotype was 1.21 (95% CI, 1.06-1.39;
P = 0.006) (Wald et al., 2002). In a meta-analysis on the Turkish
population, T/T genotype was more prevalent in CAD patients than
controls with an odds ratio of 1.87 (95% CI 1.35-2.60) when compared
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to T/T genotype. Furthermore, the correlation of T/T genotype with MI
was investigated, and when compared with the C/C genotype, the odds
ratio was 2.34 (95%, CI, 1.40-3.93; p = 0.001) which highlights a
significant association (Bozok Cetintas and Giindiiz, 2014). In another
meta-analysis, 26,000 cases and 31,183 controls were investigated, and
comparing T/T genotype vs C/C genotype yielded an odds ratio of 1.14
(95% CI, 1.05-1.24) (Lewis et al., 2005)

In fact, the meta-analysis discussed had significant heterogeneities
among their individual studies. This led the investigators of these
analyses to go into subgroup analysis. Klerk et al. (2002), found that the
continent of origin accounted for most of the heterogeneity. Odds ratios
specific to the different continents revealed a significant association to
CHD in individuals with the T/T genotype vs. C/C genotype in Europe
(OR, 1.14; 95% CI, 1.01-1.28). However in North America there was no
association (statistically non-significant OR, 0.87; 95% CI, 0.73-1.05)
(Alpert et al., 2000). Lewis et al., found that the odds ratio for Europe,
Australia, and North America was nearly 1. However, studies from the
Middle East in their meta-analysis revealed an odds ratio of 2.61 (95%
CI, 1.81 to 3.75) and those from Japan revealed an odds ratio of 1.71
(95% CI, 1.23 to 2.37). The results from China, Korea, and Taiwan were
homogenous, however the overall odds ratio of 0.81 was not statisti-
cally significant (95% CI, 0.60 to 1.10) (Lewis et al., 2005). Another
meta-analysis not previously mentioned did not find a significant
association between MTHFR 677C — T polymorphism and MI in the
overall population. However, subgroup analysis by ethnicity revealed
that the T allele compared to the C allele had an odds ratio of 1.63 (95%
CI, 1.15-2.10) for causing MI in the African population. On the other
hand, the C/T genotype posed a decreased risk for MI compared to the
wild genotype in North American population populations (C/T vs. C/C,
OR = 0.81; 95% CI, 0.64-0.98). There was no association between the
MTHFR polymorphism and MI in the European or Asian populations
(Alizadeh et al., 2016).

These results highlight the fact that MTHFR 677C — T polymorph-
ism which results in impaired folate metabolism, leads to increased risk
of MI and CAD in some geographic areas but not in others. In the
literature, the explanation for this differential risk is the difference in
dietary content of folate among different ethnicities and continents. In
northern America, there was enhancement of folate fortification in
1998. Even before 1998, breakfast cereals which are rich in folate were
introduced in Northern America (Alpert et al., 2000). This explains why
there was no association between the polymorphism and CAD/MI in
Northern America and why there was an association in other areas.

An interesting meta-analysis of 33 studies revealed that serum
homocysteine concentration in individuals with T/T genotype was
2.7 umol/1 (95% CI, 2.1-3.4 umol/1) more than that in C/C genotype
individuals (Wald et al., 2002). Another meta-analysis found small
differences in serum homocysteine concentration between the different
genotypes in Northern America where fortification of food with folate is
compulsory. However, the differences were larger in other regions
(Lewis et al., 2005).

3.3. Conclusion

Literature review reveals an overall modest association between
MTHFR 677C — T polymorphism and CAD/MI. Subgroup analyses
reveal that dietary folate plays a compensatory role for MTHFR
677C — T polymorphism, which result in minimal or no association
in geographic areas with folate-rich diet.

4. Plasminogen activator inhibitor-1 (PAI-1) gene
4.1. Overview
When an atherosclerotic lesion ruptures, fibrin and platelets adhere

to the ruptured surface forming a thrombus. In coronary artery, this
results in unstable angina or MI. In normal physiology, fibrinolysis acts
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to protect against thrombus formation where plasmin acts to break-
down fibrin into fibrin-degradation products. Plasminogen is the
precursor of plasmin. Tissue-plasminogen activator and urokinase-
plasminogen activator convert plasminogen to the active form, plasmin.
PAI-1 inhibits t-PA and u-PA, thus blocks plasmin formation and
therefore inhibits fibrinolysis.

PAI-1 is a glycoprotein with 379 amino acids. It is produced by the
vascular endothelium and is also found in platelets (Kohler and Grant,
2000). PAI-1 binds to t-PA and u-PA in a 1 to 1 ratio and the complex is
then eliminated from the blood by hepatic cells (Kohler and Grant,
2000). PAI-1 acts to prevent the premature lysis of a clot.

Human PAI-1 gene is located on chromosome 7. PAI-1 4G/5G
polymorphism (four or five guanine bases) is a single nucleotide
polymorphism located in the promoter region of PAI-1 gene. The 4G/
4G genotype is associated with 25% higher PAI-1 plasma concentration
than 5G/5G genotype (Kohler and Grant, 2000). The 4G allele allows
for the binding of an activator alone in the promoter region, while the
5G allele, in addition to allowing for the activator, allows for a
transcriptional repressor which decreases the activator binding
(Kohler and Grant, 2000).

4.2. Results from the literature

Studies in the literature provide interesting results concerning the
association of the PAI-1 4G/5G polymorphism and CAD/MI. A meta-
analysis investigating the Chinese population revealed a positive
association between the polymorphism and CAD where the allelic
model revealed an odds ratio of 1.70 (95% CI,1.18 to 2.44) (Li,
2012). In another large meta-analysis of 23,557 cases and 21,526
controls, the adjusted OR for CAD was 1.20 (95% CI, 1.03-1.40,
P = 0.02) which again highlights significant association. Subgroup
analysis for MI in this meta-analysis revealed a significant association
(OR = 1.15; 95% CI, 1.06-1.25; P = 0.001) (Zhang et al., 2014).
Another meta-analysis designed to study the impact of PAI-1 4G/5G
polymorphism on MI contained 12,461 cases and 14,993 controls.
Again there was a significant association between 4G/4G genotype and
MI compared to the 5G/5G genotype with odds ratio of 1.157 (95% ClI,
1.015-1.320; p = 0.029) (Gong et al., 2012). Another meta-analysis in
the literature concluded that PAI-1 4G/5G polymorphism is associated
with increased MI risk whereby odds ratio for having MI in individuals
carrying the 4G allele was 1.088 (95% CI, 1.007-1.175) (Nikolopoulos
et al., 2014).

In a study done in 1997, 453 patients were investigated by coronary
angiography and classified as having normal vessels, single vessel, or
multi-vessels coronary disease. The 4G/4G genotype was significantly
related to MI with an adjusted odds ratio of 2.0 (95% CI, 1.1-3.7).
When the investigators did a subgroup analysis limited to patients with
atheroma, there was a more significant association between the 4G/4G
genotype and MI meaning that the association is stronger in patients
with diseased vessels (Ossei-Gerning et al., 1997).

On the other hand, the literature included studies with no associa-
tion between the polymorphism and MI. A study done on a large cohort
of US men showed that the distribution of the 3 genotypes of PAI-1 was
similar among MI patients or patients with venous thromboembolism,
and individuals free of vascular diseases. The odds ratio for thrombosis
in 4G/4G vs. 5G/5G genotype was 1.02 (95% CI, 0.8-1.3) (Ridker et al.,
1997); an association that is anyway statistically non-significant.

In another study done on men from Europe, PAI-1 genotypes were
similar in cases and controls. However, there was a significant interac-
tion between the polymorphism and insulin or pro-insulin on the risk of
ML High insulin or pro-insulin levels posed a higher significant risk of
MI in 4G/4G individuals compared to those carrying the 5G allele
(Juhan-Vague et al., 2003). This interaction is not mediated through the
effect on PAI-1 plasma concentration since the risk of MI remained
significant after adjusting for PAI-1 plasma concentrations. Moreover,
after adjusting for all other parameters of insulin resistance, the
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interaction between 4G/4G genotype and proinsuline remained sig-
nificant. Authors of this study concluded that 4G/4G genotype is
associated with risk of MI in patients having insulin resistance mainly
through interaction with proinsulin (Juhan-Behague et al., 1996).
Kohler and Grant reached a similar conclusion stating that insulin
resistance syndrome augments the risk of MI in 4G/4G individuals
although they believed in a different mechanism of interaction
mediated through the effect of triglycerides on the synthesis and
production of PAI-1 which is further increased in the presence of
insulin (Ranthe et al., 2015).

4.3. Conclusion

Literature review reveals modest association between PAI-1 and MI.
An interesting synergism between the 4G/4G genotype and insulin
resistance syndrome is described. This interaction prompts further
study because it is an interaction between PAI-1 polymorphism and
one of the most common and important conventional risk factor for MI,
type 2 diabetes.

5. Human platelets antigen-1 (HPA-1) gene
5.1. Overview

Platelets play an essential role in coagulation by adhering to
collagen at the site of endothelial injury. Then, platelets release
chemical messengers and undergo conformational changes in a process
termed activation. Finally they cluster with each other in a process
called aggregation. On their membranes, platelets have GPIla/Illb
which has an essential role in aggregation. HPA-1 is a part of GPIla/
IIIb which is the most numerous integrin on the surface of platelets.
HPA-1 mediates aggregation by binding to adhesive proteins, mainly
fibrinogen and von Willebrand factor (Abboud et al., 2010b).

HPA-1 polymorphism has interesting implications on the process of
platelet aggregation and the coagulation process in general. It is
reported that following the ADP activation of platelets, HPA-1b variant
binds to less fibrinogen in the aggregation process than HPA-1a which
highlights its important thrombotic role.

5.2. Results from the literature

Literature contains conflicting results concerning the association of
HPA-1 with CAD/ML

A study on subjects from the US revealed a strong association
between HPA-1b (PAI2) and acute coronary thrombosis (unstable
angina or MI). Carriage of the HPA-1b (PAI2) allele had an odds ratio
of 2.8 (95% CI, 1.2 to 6.4). In subgroup analysis of subjects < 60 years
old, the odds ratio was 6.2 (95% CI, 1.8 to 22.4) (Weiss et al., 1996).
Another study of US subjects revealed a modest, yet statistically non-
significant, association between HPA-1b (PIA2) and MI; carriage of the
PIA2 allele had an odds ratio of 1.47 (95% CI, 0.97 to 2.22; p = 0.062)
after adjustment of 6 major CAD risk factors. However, HPA poly-
morphism showed minimal association, which was also statistically
non-significant with CAD with an odds ratio of HPA-1b carriage of 1.2
(95% CI, 0.80 to 1.81; p = 0.38) after adjustment of 6 major CAD risk
factors (Anderson et al., 1999). A study from Tunisia found out that
HPA-1b was significantly associated with CAD with an odds ratio of
4.35 (95% CI, 3.43-5.55). Moreover, 1b/1a and 1b/1b genotypes were
significantly more prevalent in the CAD patients than in the control
group (Abboud et al.,, 2010b). Another study also from Tunisia
confirmed these results; HPA-1b was associated with CAD with an odds
ratio of 1.34 (95% CI, 1.08-1.67). Similarly, 1b/la and 1b/1b
genotypes were significantly more prevalent in the CAD patients than
in the control group with odds ratios of 1.62 and 2.42 respectively
(Abboud et al., 2010a).

Studies with no association between HPA-1 polymorphism and
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CAD/MI were also reported in the literature. A study on Turkish
population revealed that in a group of 94 CAD patients and 115
controls, the distribution of the 2 alleles of HPA-1 gene was similar in
cases and controls (Tanboga et al., 2013). Another study investigating
Sweden population for the association between HPA-1 polymorphism
and premature MI reported that the 2 alleles were found in similar
frequencies in both MI cases and controls. Investigators thus deduced
that HPA-1 polymorphism is not associated with premature MI
(Lagercrantz et al., 2003). In a study on Japanese population, investi-
gators found out that only 2 out of 100 controls had 1a/1b genotype
while none of the 88 premature MI patients had this genotype.
Moreover, 1b/1b genotype was not present in cases or in controls.
The investigators reported that the frequencies of the different geno-
types of the HPA-1 gene in the control group were similar to those
described in previous studies of the Japanese healthy population. These
results indicate that there is no association between HPA-1 polymorph-
ism and premature MI in the Japanese population (Zito et al., 1997). In
a study on German population, the distribution of the different
genotypes of the HPA-1 allele was similar among CAD patients without
previous MI, patients with previous MI, and control groups. The HPA-1
polymorphism was thus considered to be not associated with any risk of
CAD/MI in the German population (Béttiger et al., 2000).

It is mentioned in the literature that the discrepancies in the results
may be attributed in part to the different genetic backgrounds of the
studied population which alters the prevalence of the HPA-1b (PIA2) in
the general population (Weiss et al., 1996). In a Tunisian study,
investigators argued that the prevalence of HPA-1b in the control
population was highest among all published studies till then; It was
33.5% compared to 14-19% for Northern Europe and 8% for Africa
(Abboud et al., 2010b). Moreover, the discrepancy could be arising due
to differences in the study designs where the effect of the single genetic
polymorphism may be altered when taken along with other inherited or
acquired risk factors (Abboud et al., 2010a). This led some investigators
to study the effect of haplotypes on the risk of CAD/ML. In the study on
Tunisian population, haplotypes of HPA-1 and HPA-2 were analyzed.
Haplotypes containing HPA-1b (HPA-1b/2a and HPA-1b/2b) were
significantly associated with CAD after adjusting for conventional
CAD risk factors in a multivariate analysis (Abboud et al., 2010b). In
another study of Tunisian population, the investigators analyzed
haplotypes of HPA-1, HPA-2, and HPA-3. Positive association with
CAD was found for HPA-1b/2a/3a (aOR = 2.49; 95% CI, 1.06-5.86)
and for HPA-1b/2a/3b (aOR = 3.72; 95% CI, 1.49-9.28) after adjust-
ing for covariates (Abboud et al., 2010a).

5.3. Conclusion

Literature review reveals conflicting results concerning the associa-
tion of HPA-1 polymorphism and CAD/MIL It is possible that the
discrepancy stems from the difference in genetic backgrounds of the
studied population and in the designs of the different studies. The
association of HPA-1 polymorphism with CAD/MI needs to be evalu-
ated with other related genetic risk factors and in the context of the
genetic background of the studied population.

6. Angiotensin converting enzyme (ACE) gene
6.1. Overview

ACE is produced mainly in the lung capillaries. It converts angio-
tensin I into angiotensin II and breaks down bradykinin (Hamelin et al.,
2011). Angiotensin II and bradykinin are involved in the regulation of
blood vessel tone and proliferation of smooth muscles (Cambien et al.,
1992). Thus ACE is thought to be implicated in the pathogenesis of
atherosclerosis and consequently CAD and ML

ACE gene is located on chromosome 17q23. A polymorphism exists
in intron 16 of the gene and involves deletion (D) or insertion (I) of a
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287 noncoding Alu repeat (Zintzaras et al., 2008). It is reported that the
D/D genotype has twice the level of plasma ACE activity compared to
the I/I genotype, and the heterozygous genotype lies in between
(Hamelin et al., 2011).

6.2. Results from the literature

Several studies in the literature denied any association between ACE
I/D polymorphism and CAD/MI. A study on UK subjects included about
5000 cases and 6000 controls. The association of the polymorphism
with CAD and MI was investigated and the D/D genotype yielded an
odds ratio of 1.10 (95% CI, 1.00-1.21) for CAD and 1.04 (95% CI,
0.87-1.24) in subgroup analysis for MI (Keavney et al., 2000), both
associations being statistically non-significant. Another study on Indian
subjects included 85 young MI patients and 108 controls found that the
prevalence of D allele was 0.42 in MI patients and 0.43 in the controls
(Ramasawmy et al,, 1996). In an Australian study on 713 CAD
patients < 50 years with and without MI, the D allele showed an odds
ratio of 0.96 (95% CI, 0.73-1.27) for CAD and 1.00 (CI 95%, 0.83-1.20)
for MI, both associations being statistically non-significant. The results
remained negative after accounting for conventional risk factors (van
Bockxmeer et al., 2000). In a study on Iranian population, 224 CAD
patients were compared to 263 healthy individuals. The allele frequen-
cies were similar in both groups (Shafiee et al., 2010).

Other studies in the literature found an association between ACE D/
I polymorphism and CAD/MI. A meta-analysis of 118 studies included
43,733 CAD patients, 18,139 of whom had MI, and 82,606 controls free
of CAD. The D/D genotype compared to I/I genotype had an odds ratio
1.25 (95% CI, 1.16-1.35) for CAD. Investigators found a similar
association for MI (Zintzaras et al., 2008). A study done in Paris in
1992 on 610 MI patients and 733 controls found that the D/D genotype
was significantly more prevalent in MI cases than in the controls
(P = 0.007) (Cambien et al., 1992).

It is mentioned in the literature that possible reasons for the
discrepancy in results is the different genetic backgrounds of the
studied populations, the use of small sample sizes in some studies, or
even assigning CAD cases without angiographic determination or the
use of false negatives as controls (Vaisi-Raygani et al., 2010).

It is further argued that ACE polymorphism is affected by covariates.
Hamelin et al., gave the example of ECTIM study where by the odds
ratio for MI in patients with D/D genotype compared to I/I or D/D
genotype was 1.34; whereas subgroup analysis of patients considered to
have low MI risk revealed a higher odds ratio of 3.2. The investigators
thus assumed that the ACE I/D polymorphism is thus diluted in the
context of other cardiovascular risk factors (Hamelin et al., 2011).
Hamelin et al., then predicted based on their assumption that genetic
polymorphism might have a prominent effect on CAD/MI early in life
when conventional risk factors have not yet materialized. They did a
study on MI patients < 45 years, a group of young controls, and
another group of elderly controls. The frequencies of D/D, I/D, and 1/
I genotypes in the young and elderly controls were 0.292, 0.502, 0.206
and 0.214, 0.464, 0.321, respectively. In MI patients the frequencies
were 0.327, 0.519, and 0.154, respectively. Therefore, the frequencies
in MI were similar to the 2 control groups. However, when taking age as
a confounding factor there was an age dependent effect (P < 0.041;
logistic regression analysis); the prevalence of the D/D genotype was
0.356 at age < 40 (P = 0.135), 0.469 at age < 35 (P = 0.141), and
0.750 at age < 30 (p = 0.026) (Hamelin et al., 2011). This analysis
validates the prediction that ACE polymorphism has a prominent effect
on early CAD/MI and is another possible explanation for the discre-
pancy in the results of the various studies. A study done on west
population of Iran reached a similar conclusion whereby there was an
association between ACE D allele and early CAD (ECAD) with an odds
ratio of 1.35 (1.06-1.7, p = 0.015) but no association with late CAD.
The association remained significant after correcting for conventional
risk factors (Vaisi-Raygani et al., 2010). Moreover, investigators in this
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study found that D/D genotype was associated with three vessel disease
in patients with CAD; compared to the I/I genotype, D/D genotype gave
an odds ratio of 3.38 (p = 0.019).

6.3. Conclusion

ACE I/D polymorphism is associated with cases of early MI or CAD.
At later stages, the effect of this polymorphism is diluted by other
conventional risk factors and thus the association is not as evident.

7. Apolipoprotein B (APO B) gene
7.1. Overview

Apo B is a main protein constituent of low density lipoprotein (LDL).
LDL functions to deliver hepatic cholesterol to peripheral tissue. LDL is
then cleared from circulation by binding of the Apo B to LDL receptor
and subsequent internalization and degradation by hepatocytes (Benn,
2009). High levels of LDL lead to their buildup in the wall of blood
vessels. Subendothelial retention of LDL molecules is a necessary first
step in the process of atherosclerosis (Benn, 2009). Meanwhile, Apo B
stimulates the proliferation of vascular smooth muscle cells and their
migration to the lower intima, thus contributing to atherosclerosis (Li,
2014).

Apo B is the ligand for LDL receptor. Once the genetic material
coding for Apo B is modified, Apo B structure will change; thus it will
no longer be recognized by LDL receptor and subsequently serum LDL
levels increase (Li, 2014). Meanwhile a polymorphism that modifies the
signal peptide structure or sequence will impair the export of Apo B
protein, and LDL removal from circulation will be disrupted (Li, 2014).
In fact, twin studies indicate that 50-60% of plasma level fluctuation of
Apo B is genetically based (Benn, 2009). In the literature review, the
main polymorphisms discussed are Xbal, EcoRI, SpIns/Del, and Mspl.

7.1.1. Xbal polymorphism

Xbal restriction enzyme cuts in exon26 of Apo B gene. At the 2488
codon, the third base, cytosine is substituted by thymine resulting in a
restriction site for Xbal. This genetic polymorphism does not change
any amino acid in the sequence; however, it is certain that there is a
strong chain relation of this polymorphism with other functional Apo B
polymorphisms (Li, 2014).

7.1.2. Spins/Del polymorphism

This polymorphism consists of an insertion or deletion of 9 base
pairs coding for leucine, alanine, and leucine in the signal peptide (Li,
2014). D mutations may alter the structure or chemical properties of the
signal peptide and thus alter the cellular transport of Apo B molecule.

7.2. Results from the literature

Several meta-analyses that were recently published give an over-
view of the association between Apo B polymorphisms and CAD/MI. In
a meta-analysis involving 7236 individuals, EcoRI was positively
associated with CAD with the allelic model giving an odds ratio of
1.33 (95% CI, 1.12-1.57). The positive association was also significant
under dominant and recessive models. Similar association was found
for Apo B SpIns/Del polymorphism (Zhang et al., 2015). In another
meta-analysis of 9411 CAD/MI cases and 9082 controls, investigators
found an association between EcoRI and CAD/MI; A/A vs. G/G: OR
1.511 (95% CI, 1.098-2.078). Splns/Del polymorphism was also
positively associated with CAD/MI; D/D vs I/I: OR 1.331 (95% ClI,
1.064, 1.665) (Xiao et al., 2015). Another meta-analysis of 7169
individuals found a positive association between Apo B Splns/Del
polymorphism and MI with the allelic model giving an odds ratio of
1.270 (95% CI, 1.090-1.480; P = 0.002). The association was also
significant under the recessive, dominant, homozygous, and hetero-
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zygous genetic models and remained significant after adjusting for
conventional risk factors (Li, 2014).

Mspl was mentioned as an Apo B polymorphism in Xiao et al., meta-
analysis but no association was detected with CAD/MI (Xiao et al.,
2015).

The literature contains interesting results concerning the association
between Xbal polymorphism and CAD/MI. Zhang et al., found no
association between Apo Xbal and CAD in the entire population (Zhang
et al., 2015). In the other meta-analysis by Li, there was a modest
association in the general population between Apo B Xbal and MI under
the dominant model only; OR = 1.083 (95% CI, 1.004-1.168;
P = 0.039). In subgroup analysis, Xbal was positively associated with
MI under all the genetic models in non-European Subgroups, but was
not associated with MI under any genetic model in the European
population. Similar results were obtained by Xiao et al., were by
subgroups analysis revealed that Xbal polymorphism was associated
with decreased risk of CAD/MI in Caucasians, but with increased risk in
East Asian populations (Xiao et al., 2015). In fact, studies done in
different populations concerning the association between Xbal and
serum lipid profiles revealed inconsistent results. These differences in
Xbal associations with CAD/MI and with lipid profiles in different
populations probably result from ethnic differences (Li, 2014).

A study was done in 2007 to correlate plasma levels of Apo B with
ischemic cardiovascular diseases. Hazard ratio for MI in individuals
with Apo B in upper versus lower tertile was 2.6 (95% CI, 1.4 to 4.7) for
women and 2.4 (95% CI, 1.5 to 3.6) for men. In both sexes hazard ratios
were significant for an association with any ischemic cardiovascular
event. These risk estimates were marginally modified when adjusting
for LDL cholesterol which means that Apo B level is an independent
predictor of ischemic cardiovascular events (Benn et al., 2007). It is
actually argued that Apo B levels are better predictors of atherosclerotic
events than the concentration of cholesterol in LDL; this is because it is
the number of atherogenic particles (including LDL, IDL, VLDL,
chylomicrons, and chylomicron remnants) entering the atrial wall and
not LDL particles' cholesterol concentration that matters in athero-
sclerosis (Benn, 2009). There is no clinical cut point level for Apo B to
separate between individuals with and without ischemic cardiovascular
events because of the overlap in Apo B and LDL cholesterol in
individuals from both groups (Benn et al., 2007).

7.3. Conclusion

EcoRI and SpIns/Del polymorphisms may be associated with
increased risk for CAD/MI in the general population. Xbal polymorph-
ism increases the CAD/MI risk in East Asian populations but not in
Caucasians. MspI polymorphism is not associated with CAD/MI in any
ethnic group.

8. Apolipoprotein E (Apo E) gene
8.1. APOE overview

Apo E is a key player in the metabolism of cholesterol and
triglycerides. The gene coding for Apo E is located at 19q13.2 and
has three alleles, €2, €3, ¢4 (Wang et al., 2015). The different proteins
coded by these alleles vary in their affinity to lipoprotein particles and
LDLR. These differences translate into varying serum levels of choles-
terol and triglycerides, and therefore, may play a role in atherosclerosis.
Among the 3 alleles, €4 is associated with highest levels of serum
cholesterol, followed by €3, then €2 (Xu et al., 2014).

8.2. Results from the literature
In the majority of populations, €3 allele is the most common allele,

followed by €4 and €2 (Tanguturi et al., 2013). Literature studies
investigated the association of €2 and ¢4 with CAD/MI in comparison to
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€3. In a meta-analysis of 22 studies, €2 allele was protective against MI
when compared to €3 allele with an odds ratio of 0.74 (95% CI,
0.65-0.85). In subgroup analysis, both Caucasians and Asians showed
similar association. Results were also significant for €2/e3 vs. €3/e3
genotypes in the overall study and Caucasians, but not in Asian studies
(Wang et al., 2015). In the same meta-analysis, the association of 4
with MI was investigated. Results showed that 4 allele was a risk factor
for MI whereby ¢4 allele vs. €3 allele comparison showed an odds ratio
of 1.22 (95% CI, 1.11-1.35). Similar association was found in £3/¢4 vs.
€3/¢e3 and £4/¢e4 vs. €3/¢3 comparisons. Subgroup analysis in Asian and
Caucasian studies showed significant results for both allelic and
genotypic comparisons (Wang et al., 2015). Another meta-analysis of
18,752 MI cases and 18,963 controls showed that €2 allele is protective
against MI compared to £3; OR = 0.78 (95% CI = 0.69-0.89) whereas
€4 allele is associated with risk of MI compared £3; OR = 1.22 (95% CI,
1.12-1.32). Subgroup analysis revealed that €4 is a risk factor in Asians
and Caucasians, whereas €2 is protective only in Caucasians (Xu et al.,
2014).

The literature contains several studies on different populations with
contradictory results. A study done on Indian subjects included 202 MI
patients and 210 age and sex matched controls. Investigators found that
€4 was significantly associated with MI risk compared to €3; €4 versus
€3, p < 0.004, while €2 allele had no effect (Tanguturi et al., 2013).
Another study done on Pakistani population involved 218 AMI patients
and 171 healthy controls. Investigators found no association between
Apo E polymorphism and MI. Similar negative results were obtained
from a study on Kuwaiti population involving 143 CAD patients with
(n = 88) and without (n = 55) MI and 122 controls matched for gender
and age (Al-Bustan et al., 2009). Variations in the genetic background
among the different ethnicities of the collected samples may account for
most of the discrepancy in results (Tanguturi et al., 2013). In fact
studies done in different parts of the world revealed remarkable
variations in the Apo E allele frequencies among different populations
(Tanguturi et al., 2013). Another possible explanation for the discre-
pancy is the presence of underlying ethnic bias in selecting the control
sample in some studies; for example Al-Shammri et al., found the
prevalence of €4 allele in Kuwaiti healthy individuals to be 9% while
Bustan et al., found the prevalence in the same population to be 5.7%
(Al-Bustan et al., 2009).

8.3. Conclusion

Meta-analyses reveal that €4 allele of the Apo E gene is associated
with risk of MI in the general population as well as in subgroup
analysis. In these analyses, €2 allele was protective against MI in the
general population while the results of the subgroup analyses were not
consistent among different populations. On the other hand, several
studies in different populations found no association between Apo E
polymorphism and MI. Therefore ethnic background should be taken
into consideration when looking for the association.

9. Fibrinogen gene
9.1. Overview

Fibrinogen is the last protein in the coagulation cascade. Thrombin
cleaves fibrinogen to form fibrin monomers which then polymerize into
a fibrin clot. Fibrinogen level also modulates blood viscosity and
platelets aggregation. Fibrinogen consists of three pairs of non-identical
subunits encoded by three different genes, alpha, beta, and gamma
clustered on chromosome 4 (Behague et al., 1996). The synthesis of the
beta-chain is the rate-limiting step in the assembly of plasma fibrino-
gen; therefore mutations in beta gene modulate the level of plasma
fibrinogen (Zito et al., 1997).
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9.2. Results from the literature

The association between plasma fibrinogen and CAD/MI was
investigated. In a study done by Tabakci et al., 134 patients with stable
angina pectoris were classified by Syntax Score into 3 groups according
to their coronary complexity severity and extent (SS, control
group = 0; intermediate group < 22; and high group = 22). They
deduced that the level of plasma fibrinogen is strongly associated with
the presence, severity and complexity of coronary artery disease
(Tabakci et al., 2016). In another study on 102 MI patients and 173
controls, investigators found that the 10 mg/dl increase in fibrinogen
levels gives an odds ratio for MI of 1.22 (95% CI, 1.14-1.31) after
adjusting for confounding factors (Zito et al., 1997). It was further
demonstrated that plasma fibrinogen level is higher in patients with
unstable angina and myocardial infarction than in patients with chronic
heart disease (Rallidis et al., 2010).

The association between several beta-gene polymorphisms and MI is
discussed in the literature. In some studies, the level of plasma
fibrinogen associated with the gene polymorphism is also investigated.

Bcll polymorphism of the fibrinogen beta-chain was associated
myocardial infarction in several studies. A study done on 99 young
male patients diagnosed with MI in the mean age of 37.4 and 78 age
healthy controls matched for age and gender found a positive associa-
tion; the Bcll polymorphism was significantly more prevalent in MI
cases than in controls (40.4% vs. 29.5%, p < 0.01). Moreover, the
investigators found that the level of plasma fibrinogen was higher in MI
patients carrying the polymorphism than in those that do not (3.87 vs.
3.55g/l, p = 0.05). The investigators thus deduced that Bcll poly-
morphism is associated with an increased plasma fibrinogen level
(Lewandowski et al., 2003). In a study on 102 AMI cases and 173
controls all from Italy, genotypes carrying the polymorphism (B1/
B2 + B2/B2) were associated with higher risk of MI than B1/Bl
genotype with an odds ratio of 2.4 (95% CI, 1.2-4.6) after adjusting
for conventional risk factors. Moreover, in both cases and controls,
individuals with (B1/B2 + B2/B2) genotypes had higher level of
fibrinogen than B1/B1 individuals. Interestingly, the association be-
tween the polymorphism and MI was lost after adjusting for the level of
fibrinogen which means that Bcll polymorphism mediates the MI risk at
least partly by its effect on fibrinogen levels (Zito et al., 1997). On the
other hand, the ECTIM study in the 1996, found no association between
Bcll and fibrinogen level or CAD after adjusting for other variables in a
regression analysis (Behague et al., 1996).

Another polymorphism that is discussed in the literature is Hae III
polymorphism, or G455A polymorphism. In the ECTIM study, Hae III
polymorphism was associated with increased fibrinogen levels, how-
ever not with increased risk of CAD (Behague et al., 1996). In a meta-
analysis of 19 studies, G445A polymorphism was associated with
elevated fibrinogen levels but not with risk of CHD (Smith et al.,
2005). Some other studies showed interesting results. A study done in
Greece on 181 young MI patients and 129 healthy controls found that
the G455A polymorphism was protective against early MI (OR 0.46;
95% CI, 0.25 to 0.83, p = 0.01) after adjustment for cardiovascular risk
factors, although the investigators mentioned that the polymorphism is
associated with mild elevations in fibrinogen level (Rallidis et al.,
2010). Another study done on 508 MI patients and 503 controls found
that individuals carrying the A allele of G455A polymorphism were
significantly associated with a protective effect against MI, but the
protective effect was lost after logistic regression (Xu et al., 2014). The
results of G455A polymorphism raise doubts concerning the positive
association between fibrinogen levels and CAD/MI risk. In fact, in their
meta-analysis, Smith et al., found that the predicted effect of an
increase in fibrinogen level of 1 g/l on CHD gives an odds ratio of
0.81 (95% CI, 0.46-1.40) (Smith et al., 2005), which is anyway
statistically non-significant.

Several other beta-chain polymorphisms were mentioned in the
literature. In a case-control study on 751 MI patients and 751 controls,
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C148T polymorphism was not associated with an increase in cardio-
vascular risk (Blake et al., 2001). In another study, R448K polymorph-
ism was associated with a decrease risk of MI even after adjusting for
environmental risk factors in a logistic regression (Xu et al., 2014).

9.3. Conclusion

Fibrinogen is a key component of the coagulation cascade. Studies
in the literature demonstrate that an increase in the level of fibrinogen
is associated with an increased risk of CAD/MI; Bcll polymorphism was
associated with increase in fibrinogen level as well as an increased risk
of CAD/MI. On the other hand, some studies argue that the level of
fibrinogen is not associated with CAD/MI risk; their argument could
possibly explain how the G455A polymorphism, although associated
with mild elevation in fibrinogen level, is not associated with risk of
CAD/MI or is even protective against CAD/MI as some studies
demonstrate.

It is evident that the results from the literature concerning fibrino-
gen and its association with CAD/MI are inconsistent. More studies are
needed to find out the exact association between the different poly-
morphisms and CAD/MI and to provide rigid and consistent explana-
tions for the results.

10. Factor XIII gene
10.1. Overview

Factor XIII, a key enzyme in coagulation cascade, is found in
plasma, platelets, monocytes and macrophages. Thrombin activates
factor XIII by cleaving a 37 amino acid peptide from its “A” subunit.
Once activated, factor XIII crosslinks fibrin molecules resulting in an
insoluble fibrin clot. This formed clot can lead to occlusion of a
coronary artery leading to ischemia and myocardial injury
(Wartiovaara et al., 1999).

Several polymorphisms in factor XIII gene are described in the
literature. A common polymorphism is FXIII Val34Leu, a point muta-
tion (G = T) in exon 2 of the A subunit. This polymorphism leads to an
amino acid change from valine to leucine, few amino acids away from
the cleavage site of thrombin (Kohler et al., 1998).

10.2. Results from the literature

Results of the different studies in the literature indicate a protective
role for FXIII Val34Leu polymorphism against CAD/MI. A meta-analysis
studying this association included 3663 AMI patients and 5080
controls. Taking Val/Val as a reference genotype, Leu/Val genotype
yielded an odds ratio of 0.79 (95%, CI 0.68-0.93). Leu/Leu genotype
alone showed a protective yet statistically non-significant association
(OR 0.83; 95%, CI 0.61-1.12) possibly due to the small frequency of
this genotype (Shafey et al., 2007). Another meta-analysis included
5346 CAD cases and 7053 controls. Odds ratios for CAD were 0.82
(95% CI, 0.73, 0.94) for heterozygotes of the Val34Leu polymorphism,
0.89 (95% CI 0.69, 1.13) for homozygotes which is statistically non-
significant, and 0.81 (95% CI, 0.70, 0.92) for both genotypes. Odds
ratios for MI were similar to those of CAD (Vok¢ et al., 2007).

In an study by Kohler et al., done on 398 CAD Caucasians patient
with and without MI, and 196 healthy control, investigators found that
the prevalence of the Val34Leu polymorphism was higher in controls
than in MI patients (48% vs. 32%, P = 0.005) (Kohler et al., 1998).
Another study designed in a way so as to decrease selection bias due to
MI mortality validated the protective association; the study contained
two sets of subjects, autopsy series (286 subjects) and hospital patients
(184 subjects). Comparing Val/leu combined with Leu/leu genotypes to
the Val/Val genotype yielded an adjusted odds ratio of 0.50 (95% CI
0.26-0.94) for the autopsy series and a statistically non-significant
adjusted odds ratio of 0.61 (95% CI, 0.31-1.23) for hospital patients
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(Wartiovaara et al., 1999). Another study done on 150 young (< 55)
survivors of MI and 150 controls matched for age and gender gave
similar results. The MI odds ratio for the 2 genotypes having Leu
compared to Leu/Leu genotype was 0.6 (95% CI, 0.4-0.9) (Franco
et al., 2000). Franco et al., also found interesting results concerning the
interaction of FXIII Val34Leu polymorphism with major cardiovascular
risk factors. The risk of MI in presence of a metabolic risk factor
decreased from 13.9 folds in non-carriers of the polymorphism to 6.8
folds in carriers. Similarly for smoking, the risk of MI in smokers
decreased from 6.1 folds in non-carriers to 3.9 folds in carriers (Franco
et al., 2000).

10.3. Conclusion

FXIII Val34Leu polymorphism is protective against the risk of
Myocardial infarction. Studies have also demonstrated that carrying
the polymorphism attenuates the risk of MI conferred by other
conventional risk factors.

11. Final impression

Coronary artery disease is a widespread disease worldwide. Despite
the tremendous accomplishment in the field of stenting and drug
development, cardiovascular diseases and particularly myocardial
infarctions remain the leading cause of death. For that, more effort
shall be put into elucidating the risk factors of CAD/MI so that we can
better predict the disease and prevent the adverse outcomes. Our
information about conventional risk factors of CAD/MI is substantial,
but Conventional risk factors contribute to around 50% of the risk and
the other 50% is genetic. The above stated literature review pertinent to
each thrombosis gene is evidence of association of some of these with
myocardial infarction/coronary artery disease in a very direct way.
Other genes are less important. The take-home message is a recom-
mendation for incorporating genetic screening for the major thrombo-
sis-associated genes (mutations and polymorphisms) into the initial
diagnostic work-up of a patient presenting with myocardial infarction
or coronary artery disease and into the prognostic and preventive work-
up of high risk individuals.

12. Summary of results

Gene Association risk of Comments
MI
Factor V Positive This association
association seems more robust
in the early MI
cases without
significant
coronary stenosis.
Factor II Positive The association is
association markedly evident

in the young
individuals,
particularly in
those with major
cardiovascular
risk factors.
Subgroup analyses
reveal minimal or
no association in
geographic areas
with folate-rich
diet.

Synergism

Methylenetetrahydrofolate
reductase

Modest positive
association

Plasminogen activator Modest positive
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inhibitor-1

association

Human platelets antigen-1 Conflicting results

Angiotensin converting

enzyme

Apolipoprotein B

Apolipoprotein E

Fibrinogen

Factor XIII

Positive
association in
cases of early MI

-EcoRI and SpIns/
Del
polymorphisms:
increased risk for
MI in general
population

-Xbal
polymorphism:
increased MI risk
in East Asian
populations but
not in Caucasians
-Mspl
polymorphism is
not associated
with MI in any
ethnic group

-e4 allele:
increased risk in
general
population and
subgroup analysis
(Asians and
Caucasians)

-€2 allele:
protective against
MI in the general
population while
the results of the
subgroup analyses
were not
consistent
Inconsistent
results

Negative
association

between the 4G/
4G genotype and
insulin resistance
syndrome is
described.

The discrepancy
stems from the
difference in
genetic
backgrounds of
the studied
populations and in
the designs of the
different studies.
At later stages, the
effect of this
polymorphism is
diluted by other
conventional risk
factors and thus
the association is
not as evident.
Associations of
different
polymorphisms
with MI differ
among ethnicities.

Associations of
different
polymorphisms
with MI differ
among ethnicities
with some studies
showing no
associations.

Association
between
fibrinogen
polymorphisms,
fibrinogen levels
in blood, and risk
of MI needs
further
investigation.
Studies have
demonstrated that
carrying the
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polymorphism
attenuates the risk
of MI conferred by
other
conventional risk
factors.

Abbreviation list

ACE angiotensin converting enzyme
Apo B Apolipoprotein B

Apo E  Apolipoprotein E

CHD coronary heart disease

CVD cardiovascular disease

HPA-1  human platelet antigens-1

IDL intermediate density lipoproteins
LDL low density lipoprotein

MI myocardial infarction

MTHFR methylenetetrahydrofolate reductase
PAI plasminogen activator inhibitor
VLDL very low density lipoproteins
WHO World Health Organization
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