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Analysis of the Genetic Component of Coronary Artery Disease

Update

The genetic component of atherosclerotic disease has
been increasingly investigated, and some genetic characte-
ristics have been associated with that disease. The metho-
dology and interpretation of the results of the genetic stu-
dies, however, have been frequently questioned. This review
article discusses these points and suggests methods of
analysis that may improve the understanding of the patho-
genesis of coronary artery disease of atherosclerotic origin.

General considerations – Coronary artery disease is
the major cause of morbidity and mortality in the most deve-
loped regions of Brazil. Despite its high prevalence, the pro-
gressive reduction in mortality in the majority of Brazilian re-
gions has been notable in recent years. The reasons are va-
ried, but it is currently agreed that this reduction is primarily
due to the increasing improvement in socioeconomic condi-
tions, with special attention to the control of risk factors for
cardiovascular diseases. Better understanding of the patho-
physiology of coronary artery disease has also allowed ad-
vances in the pharmacological and surgical treatments for
that entity and in the nonsurgical techniques of coronary re-
perfusion. Control of risk factors, however, continues to be
the most effective management in regard to primary and se-
condary prevention of coronary artery disease.

The major risk factors for coronary artery disease are:
tobacco use, hypercholesterolemia, systemic hypertensi-
on, and diabetes mellitus. Other factors, such as high levels
of lipoprotein(a), triglycerides, and fibrinogen, have been
considered independent risk factors too 1. The intensity of
participation of these risk factors in the development of
coronary artery disease depends on the environmental
components and on the genetic characteristics of each indi-
vidual or of one population.

The presence of a family history is another important
risk factor for coronary artery disease. Familial antecedents
depend on genetic characteristics, as do other known fac-
tors, such as hypertension, dyslipidemia, and diabetes mel-
litus, which influence the development of coronary atheros-
clerosis. Currently, the genetic characteristics described
and directly related to the atherogenic and thrombogenic

processes are innumerable. Even though several genes in-
fluence both processes, some genes, such as those enco-
ding the angiotensin-converting enzyme 2,3, angiotensino-
gen 4,5, AT1 angiotensin receptor 6, and that of the apolipopro-
teins AI, B, and E 7-10, apparently have a more prominent parti-
cipation in the atherogenic process. On the other hand, pro-
thrombin 11, platelet glycoprotein IIb/IIIa 12, and fibrinogen 13

polymorphisms are mainly involved in the thrombogenic
process.

Genetic component – The participation of the genetic
component in the population with coronary artery disease is
unknown. In clinical practice, investigation of the probable
hereditary component influencing the development of
atherosclerosis is basically performed through the verification
of the presence of precocious coronary artery disease in
parents, i. e., diagnosis of coronary artery disease in the father
before the age of 55 years and in the mother before the age of 65
years, or in the siblings. This analysis, even though signi-
ficant, has little sensitivity and does not consider the existence,
isolated or in association, of other potential risk factors in
these patients, which may significantly influence the develop-
ment of an ischemic coronary process or even a peripheral
thromboembolic episode. One of the classic examples is the
adverse effect of tobacco potentiated by the use of contra-
ceptives. This predisposition to thromboembolic events is as-
sociated with disorders in the coagulation system, such as
elevated serum levels of fibrinogen (due to tobacco) or reduced
serum levels of vitamin C (genetically transmitted). In the same
way, the influence of the polymorphism of the genes responsi-
ble for the coagulation factors in this interaction is discussed.
Therefore, investigators have begun to analyze the association
of genetic polymorphisms with coronary artery disease.

Interpretation of the genetic studies – Due to the com-
plexity of the atherosclerotic process, the genes initially stu-
died were those strongly related to the major risk factors of
coronary artery disease, especially systemic hypertension
and dyslipidemias. The first polymorphism related to co-
ronary artery disease was that of apolipoprotein E, which ac-
counts for significant changes in the lipid profile 14. Then, the
polymorphism of the angiotensin-converting enzyme was
related to acute myocardial infarction, and this association
was studied because it was formerly known that the different
genotypes expressed different activities of the angiotensin-
converting enzyme, i. e., higher or lower levels of angiotensin
II influencing vascular tonus and blood pressure 15.
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However, studies of genetic polymorphisms in the po-
pulation with coronary artery disease show conflicting
results 16-18. In the same way, polymorphisms of the coagula-
tion factors, which theoretically would take a significant part
in the thrombogenic process in young patients with coronary
artery disease also show conflicting results  19. This contro-
versy may be related to inappropriate methodological stu-
dies, and the major criticisms are the reduced number of pa-
tients and the absence of a panel of polymorphisms 20. The
rule has been the analysis of isolated polymorphisms 21 and,
in many studies, absence of a multivariable analysis defining
genetic markers that independently contribute to the deve-
lopment of coronary artery disease 22. To avoid studies with a
reduced number of patients and statistical errors of the beta
type (test power < 0.80), participation of several research
centers is fundamental. This is possible because of the exis-
tence of several centers with high scientific standards in ma-
ny regions of Brazil. The multicenter characteristic favors not
only the increase in the size of the population studied but also
avoids isolated analyses of populations that may not be in the
equilibrium of Hardy-Weinberg. In reality, the Brazilian popu-
lation, due to its multiracial ethnic characteristics, is ideal for
genetic studies 23,24.

Models for genetic studies – The progressive increase
in knowledge in the field of molecular biology has questio-
ned how this revolution can influence public health progra-
ms or how to improve the prognostic value of the genetic
analysis in the development and progression of atheros-
clerotic disease, which is known to be multifactorial. Analy-
sis of these genetic characteristics and their interrelation
with environmental factors may precociously identify high-
risk individuals or families for cardiovascular diseases. This
identification may even facilitate the degree of response to
certain proposed therapeutics. In a realistic manner, howe-
ver, the model for genetic evaluation of a more complex and
polygenic multifactorial disease requires analysis of a panel

of genetic polymorphisms and their interrelation with the
main risk factors for atherosclerosis 25. In the same way, stra-
tegies of analysis, such as the sib-pair models (analysis of
pairs in siblings), the relative-pair model (analysis of pairs in
relatives), etc, are being increasingly used as forms to im-
prove the detection of polymorphisms responsible for coro-
nary artery disease through comparison of the DNA of
affected and healthy individuals in the same family. Among
them, the sib-pair model, which is a comparison of siblings
with coronary artery disease with unaffected siblings, is
considered one of the best techniques for providing an in-
crease in sensitivity of the genetic analysis for diseases of
multifactorial characteristics, such as atherosclerosis 26,27.
The advantage of this analysis is that the genetic characte-
ristics of the analyzed pair (an affected and a healthy si-
bling) are uniform and, therefore, differences in the genome
accounting for coronary artery disease may be easier to
identify. This way, analysis of several genes may establish
for the first time criteria or a genetic profile more specifically
associated with coronary artery disease and, consequently,
defining more conclusive criteria for primary and secondary
preventions, which constitute state-of-the-art measures for
reducing cardiovascular events.

Conclusion

Association of one or more genetic polymorphisms with
atherosclerosis should be based on studies with an appropriate
number of patients and methodology. The polymorphisms
analyzed should have a biological meaning, and their genetic
products should have a physiological activity strongly related
to the major risk factors, mainly hypercholesterolemia,
hypertension, and diabetes mellitus, or to the atherogenic or
thrombogenic processes. Similarly, the use of strategies for
analysis, such as analysis of pairs in siblings or relatives, and a
panel of polymorphisms improve identification of genetic
polymorphisms associated with atherosclerotic disease.
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