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Abstract In this study, we verify the association between the
rs1333049 single nucleotide polymorphism (9p21.3) within
CDKN2A-CDKN2B and coronary artery disease (CAD) in
an Italian population. We replicated rs1333049_G allele asso-
ciation with a significantly reduced risk of CAD (OR = 0.816;
95% confidence interval [0.705–0.945]; p = 0.0065) in 711
CAD patients and 755 normal healthy individuals. This effect
is maintained even stratifying patients by gender and by risk
factors. A significant association was found with age of CAD
onset. Interestingly, we found a protective trend of association
between the rs1333049_G allele and peripheral artery disease,
a progressive atherosclerotic condition in which plaque builds
up in the arteries that carry blood to the head, organs, and
limbs (OR = 0.724; 95% CI [0.520–1.007]; p = 0.054). No
genotype-phenotype association was found with more severe
CAD clinical parameters. If certain genetic factors predispose
individuals to adverse outcomes, the knowledge of a patient’s
genotype may influence clinical management.

Keywords Coronary artery disease . SNP . Risk factors .

GWAS . 9p21.3

Coronary artery disease (CAD), the most common form of
heart disease, is a group of pathology including stable and
unstable angina, myocardial infarction, and sudden coronary
death [1]. CAD is one of the leading causes of morbidity and
mortality in both developed and developing countries.
According to estimates, 30–60% interindividual variations in
the risk of CAD are due to heritability, suggesting that genetic
risk factors play a critical role in the pathogenesis of CAD.
Genome-wide association studies (GWASs) have identified
several independent CAD susceptibility loci to date [2], some
of which seem to confer risk associated with ethnic differ-
ences, while others are thought to be ethnicity-specific [3].
In these loci, there are many genetic variants that were report-
ed to be associated to the risk of CAD, but the exact number of
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candidate genes, as well as the effect they have on the devel-
opment and progression of the disease, is not fully understood.
Locus 9p21.3 is known for presenting the strongest associa-
tion with CAD and acute myocardial infarction, and it is as-
sociated with other important diseases such as abdominal aor-
tic and intracranial aneurysms, type 2 diabetes, metabolic syn-
drome, and stroke [4].

The association between the single nucleotide polymor-
phism (SNP) rs1333049 in CDKN2A-CDKN2B and CAD
has already been replicated in various studies and in dif-
ferent ethnicities. Nevertheless, the linkage disequilibrium
(LD) structure of the 9p21.3 region is different in popu-
lations of European and Asian ancestry (Supplementary
Fig.1) [5]. For instance, four SNPs (rs9632884,
rs10757274, rs1333042, and rs1333049) showing signifi-
cant association with CAD are in almost complete LD in
individuals of European descent (r2 = 0.84–0.90). In the
Chinese population, however, two of them (rs10757274
and rs1333049) were in strong LD with each other
(r2 = 0.78) but were in only moderate LD with the other
two SNPs rs9632884 and rs1333042 (r2 = 0.27–0.43) [3].
Thus, the risk of CAD related to the chromosome 9p21.3
locus may vary among diffe rent e thnic groups
(Supplementary Fig.1 and Supplementary Table 1).
Hence, the role of this locus in other ethnic groups re-
mains to be investigated. Sometimes, replication studies
fail to confirm initial findings because of substantial dif-
ferences between study populations and population spec-
ificity that may consist in differences in LD block,
population-specific interactions between genes, and epige-
netic modifications.

In this case-control study, we sought to evaluate a cor-
relation between rs1333049 C/G and CAD in an Italian
population. Here, we confirm that G allele has a protec-
tive effect against CAD (Table 1; p = 0.0065) using 711
Italian CAD patients and 755 controls, free of CAD by
familiar history, clinical examination, and electrocardiog-
raphy. This association was confirmed both in male
(OR = 0.82; CI = [0.677–0.994]; p = 0.043) and in female
subjects (OR = 0.64; CI = [0.471–0.877]; p = 0.005).
Subgroup analyses performed in patients with CAD
showed no difference in both the genotype and allele dis-
tribution of rs1333049 according to presence of risk fac-
tors (obesity, hypertension, hypercholesterolemia, diabetes
mellitus) and markers of CAD severity (acute coronary
syndrome, carotid plaques). These findings are in line
with current literature, in which no association between
rs1333049 and mortality or adverse cardiovascular events
was shown. On the other hand, we observed a lower rate
of G allele presence in patients with peripheral artery dis-
ease (PAD) (Table 1). Moreover, a trend towards a lower
rate of rs1333049 was also observed in CAD patients with
carotid atherosclerotic disease (Table 1). This evidenceT
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might suggest a role of rs1333049 as a protective factor in
systemic atherosclerosis, rather than being responsible of
the coronary localization of the atherosclerotic disease.

Since CAD is a late-onset disease, we investigated
whether the polymorphism could be associated with age
at onset. For this purpose, we divided our CAD population by
age groups and analyzed the possible association with the geno-
type (Table 1 and Supplementary Table 2). We found a signifi-
cantly lower rate of G allele in patients whose onset of CAD
occurred before turning 50 years old (OR = 0.68; CI = [0.464–
0.888]; p = 0.007). In a multivariate logistic regression analysis,
G allele was found to be an independent protective factor
(Supplementary Table 3) of early onset of CAD (OR = 0.507;
p = 0.003). These findings suggest that the allele G might have a
role in deferring the clinical manifestation of CAD. Indeed,
among CAD patients, the clinical variables Bnormal arterial
blood pressure^ and Bnormal blood sugar levels^ were more
frequent in young people when compared with the old ones
(Supplementary Table 2) whereas the genetic protective allele
G was less frequent in the same young patients (Table 1).
Therefore, genetic factors might have a relevant role in the de-
velopment of CAD among young people which are not affected
from risk diseases such as hypertension and diabetes mellitus.

In order to utilize new genetic information for treatment
and prevention of CAD, it will be necessary to understand
the functions of the gene(s) at the disease-associated loci and
the mechanisms through which they affect coronary risk.
Therefore, the present study replicated a significant evidence
of association in an independent cohort of Italians clarifying
the genetic component’s contribution in different populations
for a multifactorial highly widespread disease like CAD.
Finally, the protective effect of the rs1333049 G allele in pa-
tients with different localization of atherosclerotic disease
(like the limbs or carotid arteries) and its potential role in
deferring the onset of CAD, shown in our analysis, might be
hypothesis generating for future studies.
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