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(Abstract \

Atherosclerotic and Coronary Artery Disease (CAD) is the leading cause of death worldwide. In the last decade, has been
growing in groups of younger age. Many of these individuals do not have the risk factors classically known from the Fram-
ingham Study for the development of the disease. As for it, there are a few known environmental factors that may act on an
individual with a genetic predisposition to an early onset of the disease. Paraoxonase 1 (PON1) is believed to be involved in
preventing atherosclerosis through lipid-modifying features, antioxidant activity, anti-inflammatory, and many other ways.
This enzyme is associated with HDL and has been shown to prevent LDL oxidation. In order to evaluate the association of
PONI1 polymorphism C108T and L55M, a cross- sectional, case-control study, was carried out from January 2016 to January
2019 with individuals (Men<45 years old; women <55 years old) with premature CAD. A hundred and thirteen individuals
were evaluated where 81 were diagnosed with CAD and 32 were healthy. Total cholesterol, HDL, and LDL-cholesterol val-
ues were significantly lower in the CAD group (p < 0.001), whereas the blood glucose and glycated hemoglobin values were
significantly higher (p < 0.05). Regarding the clinical features, high levels of AC and BMI were significantly observed. In the
genotypic evaluation, those with the T allele of the C108T had a significant association with dyslipidemia (p <0.042) and those
with the M allele of the L55M polymorphism had significantly higher BMI values (p <0.011). The linkage imbalance of C108T
and L55M haplotypes was significantly associated with the risk of coronary disease (p <0.013). The MM genotype was sig-
nificantly associated with the involvement of the coronary territory of the circumflex artery (Cx) (p <0.038). The TT genotype
was associated with higher levels of TSH in CAD cases (p <0.021). The presence of PON1 polymorphisms C108T and L55M,
alone, does not produce a significant increase in the occurrence of atherosclerotic coronary disease in young subjects however
the rise of total cholesterol levels and low HDL levels produce a risk greater than 3 (p <0.033) and 9 times (p <0.021), re-
spectively, in the chance of premature CAD, with the prevalence that these risk factors are under possible genetic modulation.

Q(eywords: Atherosclerosis and Coronary disease; Young subjects; Human paraoxonase 1; C108T; L55M )

Introduction

Coronary Artery Disease (CAD) also known as coronary heart
disease or ischemic heart disease, comprises a spectrum of
symptomatic and asymptomatic clinical conditions typically
related to plaque buildup in the wall of the coronary arteries
leading to inadequate blood and oxygen supply to the heart
[1]. CAD is a chronic disease of variable condition, which
progresses from a long asymptomatic phase to Stable Angina
(SA), Myocardial Infarction (MI), and/or unstable angina (IA)
[2]. CAD is a common cause of heart failure, with reduced

or preserved left ventricular ejection, ventricular arrhythmias,
and sudden cardiac arrest. CAD has been also the leading cause
of death and a major contributor to disability in the world in
the last decade. In 2024, it was estimated that the incidence
and mortality of CAD will continue to be high. Among several
modifiable risk factors, high systolic blood pressure, alone, has
been responsible for more than 10 million premature deaths
globally in 2021 [3]. According to the World Health Organiza-
tion (WHO), CAD was responsible for over 17 million deaths,
which is 31% of all global deaths. It is also projected that by
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2023, the number of deaths due to CAD will increase to over
23 million. Furthermore, it is estimated that by 2023, CAD will
be the leading cause of death in low- and middle-income coun-
tries [4,5].

Asymptomatic individuals with atherosclerosis and thus at risk
of acute cardiovascular incidents, including premature Myo-
cardial Infarction (MI) and death, have been increasing by 2%
every year among young adults [6,7]. Together with worsening
risk factor control in elderly adults, young adults have been
contributing massively to the cardiovascular burden world-
wide. Moreover, even though the number of young adults (<40
years) with high cholesterol decreased from 40.5% to 36.1%
in the past years, it was observed an increase in diabetes and
obesity [6]. Moreover, the classic risk factors for CAD seem to
be lower in the younger population and thus, do not completely
explain the rising burden of CAD in these populations [8,9].

In general, one-third of patients with CAD have a family his-
tory of CAD, resulting in 1.5 times more likely to suffer from
CAD than those without a family history. Moreover, 40%—60%
of predisposition for CAD are inherited, usually a result of
both genetic predisposition and traditional risk factors [10,11].
The risk from the family history of CAD depends on the num-
ber and age of first-degree relatives affected, with a 60 to 75%
risk increase in the offspring of parents with premature cardio-
vascular disorder [12]. Therefore, genetic interference is well
accepted as an important risk factor for these young adults and
may be a better estimate factor of the true attributable risk to
CAD development.

Among all genetic factors, paraoxonase-1 (PON1) is one of the
most studied risk factors playing a crucial role as an anti-ath-
erosclerotic factor [13,14]. PON1 is a calcium-dependent hy-
drolytic enzyme that plays a crucial role in protecting the body
against oxidative stress and inflammation and is present in high
concentrations in the blood primarily after its production by the
liver [15,16]. Mackness et al. described the role of high-density
lipoprotein (HDL)- associated PON1 in decreasing lipid perox-
ide accumulation on low-density lipoprotein (LDL) [17-19].
Recent studies have shown that genetic variability in the PON1
gene is associated with an increased risk of coronary artery
disease (CAD) [20-25]. Additionally, there is an association of
PONI1 gene polymorphism with lipid profile, such as high-den-
sity lipoprotein cholesterol (HDL-C), which is known as "good
cholesterol" and has a protective role against CAD [26,27].
Among all polymorphisms studied in the PON1 coding region,
L55M and Q192R are the most studied and relevant, where
both show independent associations with the PON1 enzyme
activity and lead to a wide inter-/intra-individual variability
[15,28,29]. Specifically, variants of the PON1 gene, such as the
Q192R and L55M variants, are associated with a higher risk of
CAD in older subjects [26,30—32]. The Q192R missense vari-
ant (¢.575A>QG) has been associated with a decrease in PON1
activity, which leads to an increase in oxidative stress and in-
flammation in the body. On the other hand, the L55M variant is
associated with an increase in PON1 activity, which leads to a
decrease in oxidative stress and inflammation [33-35]. More-
over, PON1 - L55M polymorphism was not associated with
CAD risk in the Chinese population [28] showing variability
within the population for this polymorphism. Despite all these
observations, further studies with a strict selection of patients

n different ethnic populations are required, especially in young
subjects. Therefore, this present study aims to evaluate Human
Paraoxonase 1 (PON1) genetic polymorphisms and metabolic
abnormalities in young individuals with atherosclerotic coro-
nary artery disease.

Methodology

Study design

This is a cross-sectional and case-control study that evaluates
the clinical and metabolic profile considering the presence of
genetic polymorphisms of PON-1 C108T and L55M in 113
young individuals (men under 45 years and women under 55
years) diagnosed with atherosclerotic coronary artery disease.
The individuals enrolled in this research were evaluated from
January 2016 to January 2019 at the Heart Hospital Dr. Carlos
Alberto Studart Gomes, located in Fortaleza City, Ceara (Bra-
zil). The control group is represented by 32 individuals, men
under the age of 45 years old, and women under the age of 55
years old, matched by sex and age, with no family history of
CAD.

These criteria were considered as exclusion factors: individu-
als under 18 years of age, with thyroid diseases, collagen dis-
eases, advanced congestive heart failure (functional class III
and 1V), pregnancy, neoplasms, kidney diseases, calcium dis-
orders, uncontrolled hypertension, allergy to iodinated contrast
users of illicit drugs, patients with suspected familial hyper-
cholesterolemia 1, individuals with coronary anomalies or pa-
tients with non- atherosclerotic coronary disease on coronary
angiography.

Clinical evaluation

The following parameters were evaluated in the case and con-
trol group: family history of early CAD, smoking, weight,
height, body mass index (BMI), measurement of abdominal
and hip circumference, blood pressure, and angiographic eval-
uation. A first-degree relative of a male with coronary artery
disease under 55 years of age or female under 65 years of age
was considered a family history of early CAD. We considered
smokers individuals who have smoked one or more cigarettes
in the last 180 days, and ex-smokers for individuals who have
smoked for more than 180 days. Weight and height were mea-
sured on an anthropometric scale while BMI was calculated
using the formula: weight divided by height squared. The ab-
dominal circumference was measured at the midpoint of the
distance between the anterior superior iliac crest and the lower
edge of the costal arch (referred to as the waist) and the hip
circumference at the anterosuperior iliac crest (referred to as
hip) was measured using an inelastic tape measured with the
individual in an upright position with the relaxed abdomen.
Systolic blood pressure and diastolic blood pressure were mea-
sured with an aneroid sphygmomanometer, after 15 minutes of
rest in the sitting position. Also, the following diseases were
considered during the analysis of the CAD case group.

a) Systemic Arterial Hypertension: patients using anti-
hypertensive drugs and those with SBP above 140 mmHg and/
or DBP above 90 mmHg were considered hypertensive.

b) Diabetes mellitus: those who previously used oral
antidiabetic drugs and/or insulin, or with two fasting glucose
levels > 126 mg/dL, were considered diabetic

c) c¢) Dyslipidemia: The diagnosis of dyslipidemia was
established according to the criteria of the V Brazilian Dyslip-
idemia Directive.
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Angiographic evaluation

The cineangiocoronariography classification was performed
according to the percentage of coronary artery lumen obstruc-
tion: obstructive lesions were classified as non-critical if they
present obstruction < 50% of the arterial lumen; critical, if
they present obstruction of 50% or more of the arterial lumen;
and occlusive, with total obstruction, no flow through the ar-
tery defined as TIMI (Thrombolysis in Myocardial Infarction)
zero. Individuals with only one lesion > 50% were classified
as single-vessel and those with more than one lesion > 50%
as multi- vessel. Analysis was performed by two independent
physicians.

Genotyping

DNA extraction

Peripheral blood samples were collected in EDTA tubes and
then extracted using the PureLink™ Genomic DNA kit (Ther-
mo Fisher Scientific) according to the manufacturer's instruc-
tions. After genomic material isolation, the samples were stored
in a -20°C freezer until the stage of polymorphism analysis by
real-time qPCR.

Primers and probes

The polymorphisms of the PON1 gene analyzed in this study
were C108T (dbSNP: rs705379) and L55M (dbSNP: rs854563).
Moreover, the B-actin gene was used as an endogenous control.
All primers and probes were obtained from Thermo Fisher Sci-
entific (Sao Paulo, Brazil).

Allelic Discrimination by Real-time qPCR

Single Nucleotide polymorphisms (SNPs) detection of the
PONI1 gene mentioned above was performed by real-time
qPCR using the QuantStudio® 5 device (Applied Biosystems)
and the commercial TagMan® Genotyping Master Mix kit
(ThermoFisher Scientific).

Genotyping of SNPs by real-time qPCR is an extremely sen-
sitive technique that allows allelic discrimination even when
small amounts of DNA are available. This technique uses Tag-
man® probes which differ in the nucleotide to be searched with
emission of distinct fluorescence, according to the cleavage of
the probe from the amplified allele.

Different genotype identification is done by classifying the
samples as homozygous for the normal allele, homozygous for
the mutated allele, or heterozygotes. The reaction protocol uses
9.25 uL of deionized water, 12.5 pL Buffer, 1.25 uL of Tag-
Man® genotyping assay, and 2 pL of DNA. The amplification
protocol consisted of the following: 50°C/2 min, 95°C/10 min,
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and 50 cycles of 95°C/15 seconds and 60°C/1 min. All require-
ments proposed in Minimum Information for Publication of
Quantitative Real-Time PCR Experiments - MIQE Guidelines
were followed [36].

Laboratory methods

Blood determinations of total cholesterol and HDL-choles-
terol were performed by the enzymatic colorimetric method
(Labtest Diagnostica, Brazil). Triglycerides were measured
using the glycerine phosphate oxidase peroxidase (GPO-PAP)
method (Labtest Diagnoéstica, Brazil). Glucose measurement
was performed using the colorimetric PAP method (Labtest
Diagnostica, Brazil). LDL-cholesterol was calculated using
the Friedewald formula for values < 400 mg/dl of triglycer-
ides. All measurements were made using the HITACHI 917
(Roche® device). TSH was determined by chemiluminescence
microparticle immunoassay. This third-generation assay was
performed on the Analytics E170-Roche® modular instrument.

Ethical aspects

The project was approved by the Federal University of Ceara
Research Ethics Committee — CEP/UFC/PROPESQ under the
number 2.206.472, and by Carlos Alberto Studart Gomes Hos-
pital under the number 2.217.472, as a co-participating insti-
tution. The researchers are aware of compliance with ethical
research precepts, based on Resolution 466/12 of the National
Health Council. The individuals in the case-control group were
informed about the objectives and importance of the research
developed in this work. All those involved signed the Informed
Consent Term.

Statistical analysis

Quantitative data were submitted to the Kolmogorov-Smirnov
normality test. Data was represented as mean and standard
deviation, and compared using Student's t-test and ANOVA/
Bonferroni. Categorical data were expressed as absolute and
percentage frequencies and compared using Pearson's chi-
square test (clinical data) or McNemar's test (analysis between
probes). All analyses were performed using the Statistical
Package for the Social Sciences (SPSS) software, version 20.0,
adopting a confidence level of 95%.

Results

Clinico-pathological characterization

In Table 1, the epidemiological and clinical features of the
CAD group are shown. The study population consisted of 55
men (48.7%) and 24 women (30.4%). The mean age at diag-
nosis of coronary heart disease was 39.7 + 5.0 in men and 43.4
+ 5.2 in women. About 43% of the CAD group were smokers
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Figure 1: Biochemical measurements observed in young patients with CAD group and healthy control group. Data are rep-
resented as mean =+ standard deviation and compared using the student t-test. p<0.05. HDL: High-density lipoprotein, LDL:
Low-density lipoprotein; HBA1C: Glycosylated hemoglobin, TSH: thyroid stimulating hormone.
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Table 1: General characteristics of the coronary arterial

disease patients.
Variables | Total
Sex
Feminine 24 (30,4%)
Masculin 55 (48.7%)
Age
Men and women 40,8+ 5.4
Men 39,7£5,0
‘Women 434+5.2
Number of affected arteries
Sungle-vessel 47 (59,5%)
Multivessel 32 (40,5%)
Smoking
No 45 (57.0%)
Yes 34 (43,0%)
Sedentary lifestyle
Yes 52 (46,0%)
No 27 (23,9%)
Family history
Yes 37 (46,8%)
No 42 (53,2%)
Diabetes mellitus — Type 2
Yes 54 (68.,4%)
No 25 (31.6%)
Dyslipidemia
Yes 36 (46.2%)
No 42 (53,8%)
Arterial hypertension
Yes 43 (54,4%)
No 36 (45,6%)
Body mass index
Men and women 27,8+2.8
Men 28,1 +3,1
Women 273+1.7
Abdominal circumference
Men and women 96,0 + 8,8
Men 97,0 £9,3
Women 93,7+7,1
Schooling
Llélrtlerates and incomplete elementary educa- 17 (21.8%)
Cpmpleted elementary school to incomplete 27 (34,6%)
high school
Completed high school 24 (30,8%)
Completed higher education 10 (12,8%)

and 46.0% werc scdentary. 1he presence ol a positive family
history for the CAD group was found in 46.8% of the CAD
group. In 59.5% of the individuals in the CAD group, athero-
sclerotic involvement was observed in only one coronary terri-
tory. As for the presence of comorbidities, 68.4% were diabet-
ic, 54.4% were hypertensive and 46.2% had alterations in the
lipid profile. Most of these patients had a low level of educa-
tion (56.4%) characterized by not concluding elementary and/
or high school. Upon physical examination, we observed that
in both sexes, all of them had both a high BMI (mean of 27.8+
2.8) and abdominal obesity, confirmed by the mean waist cir-
cumference of 97.0 + 9.3 cm in the men and 93.7 + 7.1 cm in
women (Table 1).

Biochemical evaluation

The laboratory tests and comparative biochemical analysis re-
sults are described in Figure 1. There were no significant dif-
ferences between CAD and control groups in the mean values
of triglycerides, creatinine, and TSH. Total cholesterol, HDL,
and LDL- cholesterol values were significantly lower in the
CAD group (p < 0.001), whereas the blood glucose and gly-
cated hemoglobin values were significantly higher (p < 0.05).
Table 3: Evaluation of PONI CI108T and L55M haplotypes

in young patients with and without atherosclerotic coronary
artery disease.

Genotype

| CcC | TT/CT* | p-Value
Control
LL 7 (70.0%) | 5(26.3%) | 0.727
MM/LM | 3 (30.0%) 14 (73.7%)
CAD
LL 18 (72.0%) | 21 (52.5%) | 0.013
MM/LM | 7 (28.0%) 19 (47.5%)

*p<0,05, McNemar test (n, %).

Genotypic characterization and allelic frequency in CAD
patients and controls

The genotypes and the relative frequency of C108T and L55M
polymorphism alleles in individuals are presented in Table 2.
It is possible to observe that, concerning PON1 L55M poly-
morphism, the prevalence of the LL genotype was observed in
61.6% CAD group, which is statistically significant when com-
pared to healthy controls (p < 0.032, 95% CI = 0.17 — 0.93).
The MM genotype was found in only 6.7% of the CAD group.

Table 2: Analysis of genotypic distribution and allelic frequency between CAD cases and controls.

Group
| Total | Control CAD | p-Valor | OR (CI95%)

C108T
1T 23 (24,5%) | 5 (17,2%) 18 (27,7%) | 0,355 1.44 (0.42 - 4.94)
CT 36 (38,3%) | 14 (48,3%) | 22 (33,8%) 0.63 (0.24 - 1.70)
CcC 35(37.2%) | 10 (34.5%) | 25 (38.5%) 1

C108T
CcC 35(37.2%) | 10(34,5%) | 25(38,5%) | 0,712 0,84 (0,34 - 2,10)
TT/CT* | 59 (62,8%) | 19 (65,5%) | 40 (61,5%) 1

Allelic

Frequency

T 59 (62,8%) | 19 (65,5%) | 40(61,5%) | 0,712 0,84 (0,33 - 2,10)
C 71 (75,5%) | 24 (82,8%) | 47 (72,3%) | 0,313 0,54 (0,18 - 1,64)

LS5M
MM 7 (6,7%) 3 (9,7%) 4 (5,5%) 0,098 0,36 (0,07 - 1,81)
M 40 (38.,5%) | 16 (51,6%) | 24 (32,9%) 0,40 (0,16 - 0,98)
LL 57 (54.8%) | 12 (38.7%) | 45 (61,6%) 1

LS5M
LL 57 (54,8%) | 12 (38,7%) | 45 (61,6%)* | 0,032 0,39 (0,17-0,93)
MM/LM | 47 (45.2%) | 19 (61.3%)* | 28 (38.4%) 1

Allelic

Frequency

M 47 (45,2%) | 19 (61,3%)* | 28 (38,4%) | 0,032 0,39 (0,17-0,93)
L 97(93,3%) | 28 (90,3%) | 69 (94,5%) | 0,423 1,84 (0,39-8.80)

*n<0,05, Pearson's chi-squared test (n, %)
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Table 4: Association of risk factors with the genotypic characteristics of CAD cases

and healthy controls.
C108T L55M
CC | TT/CT | p-Value | LL | MM/LM | p-Value
Sex
Feminine 7 (28.0%) 12 (30,0%) | 0.863 10 (22.2%) | 12 (42.9%) | 0.062
Masculin 18 (72,0%) | 28 (70,0%) 35(77,8%) | 16 (57,1%)
Age
Men and women | 39,2 + 6,0 40,6 + 4,7 0,296 40,3 +5,0 | 41,2+6,0 | 0,473
Men 37,6 +53 40,2 £ 4,8 0,082 39,6+49 [39,6+5,8 | 0,998
Woman 43,6 +5.6 41,6 +4.8 0418 427+4.8 [434+£59 |0,761
Tabagism
No 16 (64.0%) | 18 (45.0%) | 0.136 25 (55.6%) | 16 (57.1%) | 0.894
Yes 9 (36,0%) 22 (55,0%) 20 (44,4%) | 12 (42,9%)
Sedentary
lifestyle
Yes 15 (60.0%) | 27 (67.5%) | 0.538 29 (64.4%) | 19 (67.9%) | 0.765
No 10 (40.0%) | 13 (32.5%) 16 (35.6%) | 9 (32.1%)
Family history
Yes 11 (44,0%) | 20(50,0%) | 0,638 19 (42,2%) | 14 (50,0%) | 0,516
No 5 14 (56.0%) | 20 (50.0%) 26 (57,.8%) | 14 (50,0%)
DM
Yes 19 (76,0%) | 27 (67,5%) | 0,464 30 (66,7%) | 21 (75,0%) | 0,451
No 6 (24.0%) 13 (32,5%) 15 (33.3%) | 7(25.0%)
Dyslipidemia
Yes 7 (28,0%) 21(53.8%)* | 0,042 20 (44,4%) | 12 (44,4%) | 1,000
No 18(72.0%)* | 18 (46.2%) 25 (55.6%) | 15 (55.6%)
SAH
Yes 14 (56,0%) | 24 (60,0%) | 0,750 26 (57,8%) | 16 (57,1%) | 0,957
No 11 (44,0%) | 16 (40,0%) 19 (42,2%) | 12 (42,9%)
BMI
Men and women | 27,7 +2,0 279432 0,732 273+£2,7 [290+2,7 | 0,011
Men 278+24 28,1 +3,5 0,745 274+30 [298+29 | 0,009
\Angan 27.4+0,5 275+2.2 0,947 269+14 [279+19 | 0206
Men and women | 94,8 + 6,3 97,1+9,7 0,299 95,6+8,8 |97,6+89 | 0,346
Men 96.2 + 6.8 98,5+10.4 | 0.409 96,7+9,1 [99.8+9.,5 | 0,280
Woman 91.,0+2.1 93,6 £7,0 0,256 914467 [947+7.6 | 0302

DM?2: diabetes mellitus type 2; SAH: systemic arterial hypertension; BMI: body mass index; AC: abdominal
Circumference. *p<0,05, Pearson's chi-squared test (n, %) or Student t test (mean + standard deviation).

Supplementary Table 1. Genotypic distribution according to arterial involvement pattern observed
on coronary angiography in individuals with atherosclerotic coronary artery disease.

C108T rs (705379 L55M (rs 854563
Total TT CT CC p-Valor | Total MM LM LL p-Valor
Lesion DA
Yes |48 14 17 17(68.0%) | 0,698 | 55 3 21 31 0,907
-73.80% | -77.80% | -77.30% -75.30% | -75.00% | -87.50% | -68.90%
No |17 4 5 8 18 1 3 14
-26.20% | -22.20% | -22.70% | -32.00% -24.70% | -25.00% | -12.50% | -31.10%
Lesion CD
Yes 22 6 10 13(52.0%) | 0,476 |31 2 7 22 0,274
-44.60% | -33.30% | -45.50% -42.50% | -50.00% | -29.20% | -48.90%
No |36 12 12 12 42 2 17 23
-55.40% | -66.70% | -54.50% | -48.00% -57.50% | -50.00% | -70.80% | -51.10%
Lesion CX
Yes |23 8 8 7(28.0%) | 0,535 |29 4 8 17 0,038
-35.40% | -44.40% | -36.40% -39.70% | -100.00% | -33.30% | -37.80%
No |42 10 14 18 44 0 16 28
-64.60% | -55.60% | -63.60% | -72.00% -60.30% | 0.00% -66.70% | -62.20%
Lesion TCE
- | 1 0 3(120%) | 0,231 |5 0 3 2 0,386
-6.20% | -5.60% | 0.00% -6.80% | 0.00% -12.50% | -4.40%
No | 61 17 22 22 68 4 21 43
-93.80% | -94.40% | -100.00% | -88.00% -93.20% | -100.00% | -87.50% | -95.60%

*»<0,05, Pearson chi-square test (n, %)

DA: Anterior descending artery, CD: Right coronary artery; Cx: Circumflex artery, TCE: Left coronary trunk




ijclinmedcasereports.com

Volume 46- Issue 4

Regarding the L and M alleles, there was a significant difter-
ence in M allele prevalence in healthy controls compared to
the CAD group (p < 0.032, 95% CI = 0.17-0.93). Regarding
PONI1 C108T polymorphism, there was no significant differ-
ence between groups, with the TT genotype being observed in
27.7% of CAD patients. Regarding the frequency of T and C
alleles, no significant difference was observed between cases
and controls.

Association of risk factors with the genotypic characteris-
tics in CAD patients

According to Table 3, there is an imbalance in the haplotypes
in the CAD cases that seems to be significantly associated with
disease risk (p < 0.013). In other words, homozygous individu-
als for C108T polymorphism will not necessarily have a homo-
zygous L55M. For the healthy control group, however, there is
an association between the haplotypes, that is, a heterozygous
individual for C108T polymorphism is also heterozygous for
L55M polymorphism.

Table 4 shows that T allele carriers have a major diagnosis
of dyslipidemia (p < 0.042), while individuals with M allele
have significantly higher BMI values (p < 0.011). No signifi-
cant difference was observed for other risk factors and CAD
cases or healthy control genotypes (Table 4). Another variable
analyzed was the involvement of genotypes with Circumflex
artery (Cx) territory. However, there was no significant differ-
ence between genotypic patterns and the involvement of other
coronary territories (Supplementary Table 1).

Biochemical profile and its relationship with genotypic dis-
tribution and allelic frequency

It was observed a significant difference in TSH values (p <
0.021) with lower TSH levels in CAD patients with TC geno-
type for C108T polymorphism of PON1 (Figure 2). No sig-
nificant difference was observed in values of all the other labo-
ratory parameters in comparison to genotypic characteristics
evaluated in this study (Supplementary Table 2).

Finally, in Table 5, through multinomial logistic regression
analysis, it was observed that the presence of high levels of
cholesterol and low levels of HDL cholesterol in the young
CAD group, represents a risk of more than three times (p <
0.033) and nine times (p < 0.001) of coronary atherosclerotic
disease development, respectively.

TSH
5+ *
— 2 - TT
44— TC
o s = CC
£
2 2
1
0-
TT TC CcC

Figure 2: Analysis of thyroid-stimulating hormone (TSH)
according to genotypic distribution of PONI polymorphisms
(C108T) in young individuals with atherosclerotic coronary

artery disease. Data are represented as mean + standard
deviation and compared using ANOVA and Tukey's multiple

comparisons test. Significant differences: p<0.05 *.

Table 5: Risk assessment of premature CAD.

| OR adjusted | 1C95% | p-Value
Cases
CT(+) |*3,93 [ 1,12 [ 13,83 | 0,033
HDL (-) | *9,37 | 3,21 | 27,30 | <0,001
TG(H) | 1,76 | 050 | 6,26 0,381
C108T | 0,71 [ 023 [ 221 0,553
L55M | 042 [0,14 [ 132 0,137

*»<0,05, multinomial logistic regression;, OR = odd ratio;
95%CI = 95% confidence interval of adjusted OR. CT: Total
Cholesterol; HDL: High-Density Lipoprotein; TG: Triglycer-
ides

Supplementary Table 2: Analysis of the genotypic distribution of PON1 Polymorphisms with labo-
ratory parameters in young individuals with and without atherosclerotic coronary artery disease.

TT ‘TC ‘CC p-Value‘MM ‘LM LL p-Value

Control

CT 196.60 +44.21[198.07 +37.32[196.20 £ 23.87 (0,991 [209.33 + 54.50202.69 + 34.13 [189.83 +29.97/0,532
HDL [48.00£8.72 {4736 £11.39 45.00 + 8.43 0,809 [51.33+5.03 46.25+10.57 47.92+10.40 0,715
LDL  [120.64 £39.21[123.89 £35.52[114.74 £ 17.82 {0,780 [122.40 £37.12[124.74 £31.36 [113.75 +£29.84(0,653
TG 186.80 £75.25[137.57 £ 61.88147.20 £ 64.98 0,361 [128.33 £ 52.58[158.19 + 72.29 [131.42 +59.5§/0,523
GJ 94.00+9.30 86.43+4.45 [86.20+£8.04 0,088 P1.67+6.51 [87.25+7.85 [87.50+6.87 0,633
HBAIC[5.44+£027 [5.24+039 [5.17+0.30 0,360 [5.40+0.26 [5.33£0.36 5.13+£0.29 0,203
TSH [2.78+£1.25 [2.73+096 2.41+1.26 0,748 242+127 295+£1.02 220+ 1.14 0,204
Cr 093+0.13 [0.83£0.15 1[0.89+0.20 0,457 10.83+0.16 [0.89£0.14 0.82+0.20 0,561
Case

CT 158.44 £43.25[168.36 £41.12]172.96 + 41.97 0,534 [150.75 £41.12[166.71 £ 37.45 [167.71 £ 43.0000,733
HDL [34.89+6.69 [33.68+6.79 [37.08 +£6.12 0,201 [36.25+7.68 [36.88+5.12 [34.64+7.84 10,449
LDL  [72.33+£40.77 [97.37£33.70 [96.76 £28.97 0,156 [71.50 £48.79 [90.31+32.33 [91.07 +34.67 (0,738
TG 130.06 £56.64]171.32 £ 87.30/159.52 £105.25 10,329 [155.00 £ 66.19171.54 + 102.81{149.84 + 82.86/0,633
GJ 114.17 £52.71]114.59 £ 53.51[96.40 £ 15.74 0,263  [124.75 £ 53.66[104.83 +44.47 [106.36 +39.16/0,672
HBAIC|6.08 £1.55 [6.06+1.70 [5.55+0.58 0,318 16.80+2.44 [5.80+£1.09 5.85+1.35 0,372
TSH [2.73£1.00 [2.03+0.74¥ 299+1.53 0,021 [B.01T+1.01 P253+£142 2.50+1.14 10,738
Cr 092+0.19 0.96+£0.17 1[0.90+0.15 0,446 10.77+0.07 [0.91£0.20 0.94+0.17 0,137

*n<0,05 versus other genotypes, ANOVA/Bonferroni test (mean + DP).
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Discussion

Premature coronary artery disease (CAD) has been proven to
have a multifactorial etiology and is most likely a mixture of
genetic and environmental factors, being the myocardial in-
farction occurrence, the most prevalent factor affecting off-
spring before the age of 55 in men and 65 in women [37,38]. In
the Framingham study, after 8 years of follow-up of male and
female offspring with parental history of premature cardiovas-
cular disease (CVD) (father < 55 years, mother < 65 years),
CVD increased 75% with paternal and about 60% with ma-
ternal history of premature CVD. After 16 years of follow-up,
the study also found that a family history of early CAD (age
<50 years) conferred a 44% increased risk of CVD mortality
[11,12,39,40].

In the present study, 48.7% of atherosclerotic coronary artery
disease was found in young men, with a mean age of 39.7 years
at clinical diagnostic. It was observed that the majority were
sedentary individuals, with overweight and visceral obesity,
with no family history of premature CAD and high levels of
fasting glucose, glycated hemoglobin, and very low levels of
HDL-cholesterol. In the coronary angiography performed, no
differences were observed in the coronary disease involve-
ment, with the number of single and multivessel arteries being
similar. Likewise, there was no predominant involvement of
any coronary territory.

The prevalence of male cases agrees with several studies that
confirm that men are more affected by early CAD [41,42].
This fact can be related to hormonal protection that women
have while they do not enter the climacteric phase, with es-
trogen being a potent atheroprotective as exerts many benefi-
cial effects against arterial diseases, including vasodilatation,
acceleration of healing in response to arterial injury, arterial
collateral growth and protection [43,44]. It is well established
that smoking causes thrombosis, promoting the development
of an inflammatory and thrombogenic profile, associated with
reduced levels of prostacyclin action and increased levels of
nitric thrombosis, favoring endothelial vasospasm occurrence
[45]. However, no association with smoking was found, since
57% of the CAD group were not smokers.

Several studies have shown that a family history of early coro-
nary artery disease increases CAD risk in first-degree family
members increasing susceptibility to atherosclerosis growth
[12,38,39,46]. However, in our study, 53% of CAD patients
had no family history of CAD before in first-degree family
members which disagrees with [47], who evaluated 165 North
American patients with acute myocardial infarction under the
age of 45 years, where it was observed that 70% were smokers
and 70% had a family history of early CAD. Moreover, a large
international study (INTERHEART) found an increased risk of
myocardial infarction (MI) of 2.36 (Odds ratio) if at least one
parent had MI and 6.56 (OR) if both parents had MI before age
50 [48]. Furthermore, when a section is made for Latin Amer-
ica, the INTERHEART study shows that interventions aimed
at lowering blood pressure, and modifying lipids could have a
large impact on the risk of acute myocardial infarction among
this population [49]. Probably, the mixed population in Bra-
zil, its genetic background, ethnicity, and other environmental
exposure may influence these differences between populations
around the world.

Regarding the lipid profile, patients showed similarity to what

1s observed 1n most studies that describe low levels of HDL-
cholesterol (HDL-C), where all our patients had HDL-C lower
than 40 mg/dl, being the lipid alteration, most found in indi-
viduals with early CAD [50— 52]. These studies emphasize that
for HDL levels below 35 mg/dl, there is an increased risk of
CAD occurrence by at least 4 times, and conversely, an in-
crease of 2 mg/dl of HDL- C confers a reduction in the risk
of new events and lower incidence of percutaneous coronary
interventions [53]. Moreover, the Framingham study and oth-
ers that followed could show that HDL-C is an independent
cardiovascular risk factor and that the increase of HDL-C of
only 10 mg-L—1 leads to a risk reduction of 2-3% [54-57].
Despite the existence of consistent epidemiological evidence
that attributes the decrease in HDL-C to an important athero-
sclerotic risk factor, its exact role in CAD pathogenesis is un-
clear. [58—60] did not observe further reductions in coronary
heart disease (CHD) risk with HDL-C values higher than 90
mg/dL in men and 75 mg/dL in women. However, several stud-
ies have shown that not only the severity of angiographic le-
sions but also the risk of cardiovascular events related to low
concentrations of HDL-cholesterol are due to an ineffective
mobilization of cholesterol from the arteries and peripheral tis-
sues, characterizing an ineffective reverse cholesterol transport
[61,62]. It is believed that, in this context, the presence of ge-
netic alterations, characterized by single nucleotide polymor-
phisms (SNP), may influence the presence or absence of these
risk factors [63,64]. Moreover, a significant difference was also
observed between groups in the levels of glycated hemoglobin.
The literature shows that an altered glycemic profile and thus
insulin resistance, before the diagnosis of diabetes, generates
an imbalance in glucose metabolism that generates chronic hy-
perglycemia, which in turn triggers oxidative stress and causes
an inflammatory response that leads to cardiovascular damage
[65,66]. It is important to emphasize that most of our CAD
cases were unaware of any change in the glycemic profile prior
to their diagnosis.

As for the extent of coronary involvement, several authors ar-
gue that multivessel coronary disease is uncommon in indi-
viduals with early CAD [67-69]. Although previous studies
have reported that coronary involvement in young patients
is mainly single-vessel and to a lesser extent, this study did
not demonstrate a significant predominance of the pattern of
single-vessel or multivessel coronary involvement. To date, we
have not identified studies that correlate the presence of ge-
notypic alterations with the predominance of involvement of
specific coronary territories. Some studies [70—73] point to the
possibility that patients with specific genotypic characteristics
could present a greater severity in the extension of the coronary
territory demonstrating that combined polymorphisms could
be associated with the extension of coronary disease and more
severity of the disease [74].

One of the hypotheses raised for the presence of genetic influ-
ence is on Paraoxonase 1 (PON1), the main constituent enzyme
of HDL-C particles which is responsible for its antioxidant,
anti-inflammatory, and reverse cholesterol transport properties,
that could be enrolled in promoting changes in HDL-C concen-
tration [75-77]. The genetic alterations would make the indi-
vidual predisposed to develop atherosclerosis early even in the
absence of high levels of LDL cholesterol and could intensify
the role of other risk factors such as low levels of HDL cho-
lesterol, high blood sugar, overweight, and abdominal obesity.
Few studies have been performed to analyze the association of
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the PONT L55M polymorphism with coronary heart disease,
and many of these have shown inconsistent results [13,28,78].
Blatter et al., [79] and Mackness and Mackness [80] found that
the PON1 L55M polymorphism has a significant effect on its
activity independently. Schmidt et al.,[81] also observed an
independent association of CAD with this polymorphism in
Austrian subjects.

Garin et al., [82] investigated C108T PON1 polymorphism
(promoter region) in patients with ischemic heart disease and
their results showed that individuals with CC genotype had sig-
nificantly higher levels of HDL cholesterol than heterozygotes.
In contrast, no significant difference was observed in LDL and
HDL levels for the PON1 L55M polymorphisms. In the pres-
ent study, an LL genotype prevalence for L55M PONI1 poly-
morphism was found to be 2.54 times higher in CAD cases
than in healthy controls. This finding disagrees with Bounafaa
et al., [83] who showed in a sample of 305 North African in-
dividuals that those with the PON1 55 MM genotype had a
higher risk of coronary heart disease than those with the 55 LL
genotype, showing once more that etinicity may play a role in
CAD. Moreover, several contradictions are noticed in avail-
able studies. In a review by Litvinov et al. [84], it was reported
that the antioxidant activity of PON1 decreases sequentially in
MM > LM > LL genotypes, with wild-type homozygotes (LL)
showing about half the activity of the paraoxonase enzyme in
comparison to homozygotes mutated (MM). Allelic variation
frequency among populations is enormous. The frequency of
polymorphic M allele is higher in whites than in blacks. A low-
er frequency of the M allele has been reported in the Chinese
population [85].

As for C108T polymorphism, there was no significant differ-
ence in the presence between CAD cases and healthy controls,
observing a balance in allele frequency. CC genotype is re-
sponsible for the highest activity of PON1, while TT genotype
is related to low gene expression and reduced serum activity
of the enzyme [86]. Litvinov et al. [87], demonstrated an asso-
ciation between C108T polymorphism and CAD. Levieve and
James [88], observed that CC genotype carriers were protected
from CAD involvement at age younger than 60 years, but not
in older individuals [32]. Also was no association of C108T
polymorphism with CAD after adjustment with traditional risk
factors in this study.

When CAD cases and healthy control genotypes were analyzed
together as a haplotype, there was an imbalance in haplotypes
or linkage imbalance that seemed to be significantly associated
with disease risk. This observation is supported by Gupta et
al.[32], who emphasize that haplotype determination is gaining
more and more attention due to the finding that multiple as-
sociated SNPs have a greater potential to promote disease than
when they are analyzed alone. Much information is lacking re-
garding PON1 haplotypes and the risk of CAD. Levieve and
James [88], also showed a strong linkage disequilibrium be-
tween C108T and L55M polymorphisms among CAD carriers.
An interesting observation in the present study is that a sig-
nificant difference in TSH values was found in cases with CT
or TT genotype for C108T polymorphism. It should be noted
that, to date, we are not aware of any studies that evaluated the
relationship between activity or concentration of human PON
1 with thyroid function and its consequences in early CAD de-
velopment.

Several studies recognize the relationship between higher TSH
values, even within a normal reference value, and cardiovas-
cular risk, but in general they correlate this finding with the
fact that these TSH values are associated with a diagnosis of
metabolic syndrome [89—91]. This observation may agree with
the actions of thyroid hormones on the cardiovascular system.
It is known that myocardium and vascular endothelial tissue
have receptors for such hormones and are sensitive to changes
in their serum concentrations, even in minimal variations [92].
These observations lead to the discussion of whether TSH se-
rum values added to PON1 polymorphisms contribute to an
environment of higher cardiovascular risk.

Finally, in this study, we observed through multinomial anal-
ysis by logistic regression that, regardless of the presence of
PON1 polymorphisms evaluated here, the risk intensity of
symptomatic coronary disease at an early age is 3 times great-
er in those individuals with high total cholesterol and about
9 times if they also have low levels of HDL cholesterol. The
presence of the allelic mutation will indirectly interfere with
disease developing risk by promoting a favorable environ-
ment such as overweight and visceral obesity that contribute
to metabolic alterations occurring mainly in glycemic and lipid
profile and of an atherogenic character in young patients. To
the best of our knowledge, this is the first time that these ge-
netic modifiers are described in young Brazilian subjects, be-
ing an important risk factor that can be used in practice clinics
to manage patients with CAD.

Conclusion

The main finding of this study is the presence of PON1 poly-
morphisms associated with an increased risk of coronary artery
disease (CAD) in young patients. PON1 C108T polymorphism
should be a relevant monitor for dyslipidemia and PON1 L55M
polymorphism for BMI. Moreover, the rise of total cholesterol
levels and low HDL levels produce a risk greater than 3 and
9 times (p <0.021), respectively, in the chance of premature
CAD.
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