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Abstract

Background: Factor V Leiden (FVL) and factor II c.*97G>A (rs1799963) are genetic risk

factors for venous thromboembolism. Their contribution to coronary artery disease

(CAD) is less clear.

Objectives: This study aimed to investigate the association between FVL, rs1799963,

and premature CAD in Iranians.

Methods: We performed a genetic case-control study of 944 cases and 1081 controls

from the premature CAD Milano-Iran study, including patients aged 18-55 (female) and

18-45 years (male) who underwent coronary angiography at the Tehran Heart Centre

(Iran) in 2004-2011. Cases had luminal stenosis ≥50% in at least 1 main coronary ar-

tery or branch. Controls were age- and sex-matched with no CAD history. FVL and

rs1799963 were genotyped using TaqMan SNP genotyping assays. Association was

tested by logistic regression adjusted for matching factors and ethnicity. Effect modi-

fication by sex and cardiovascular risk factors (metabolic [obesity, hypertension,

hyperlipidemia, and diabetes], and smoking) was assessed.

Results: The risk of premature CAD was increased by 50% in FVL carriers (adjusted

odds ratio [adjOR] 1.54 [95% CI, 0.95-2.48]) and slightly reduced in rs1799963 carriers

(adjOR 0.71 [95% CI, 0.40-1.27]). These effects were more pronounced in women than

men (FVL, adjOR 1.66 vs 1.25; rs1799963, adjOR 0.60 vs 1.07). The risk of premature

CAD was substantially increased in carriers of FVL with at least 1 metabolic risk factor

compared with noncarriers without metabolic risk factors (adjOR 25.14 [95% CI, 12.51-

50.52]).
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1 | INTRODUCTION

Coronary artery disease (CAD) is the major cause of death in devel-

oping and developed countries. CAD is a progressive chronic disease

characterized by clinically silent periods but which can become un-

stable at any time. This occurs when the rupture or erosion of an

unstable atherosclerotic plaque leads to an acute atherothrombotic

occlusion by platelet- and fibrin-rich thrombi [1]. The underlying

mechanism consists of atherosclerotic plaque progression in the

epicardial arteries. Consistently with this mechanism, atherogenic

factors (ie, hypertension, dyslipidemia, type 2 diabetes, and smoking)

are well-established risk factors for CAD. CAD and venous throm-

boembolism (VTE) have been traditionally considered to have distinct

pathogenesis. However, factors involved in the hemostasis pathway

may play a pathogenic role also in the development of arterial

thrombosis, by inducing a state of hypercoagulability. Indeed, different

genetic association studies have already reported that variants

located in genes encoding coagulation proteins modulate CAD risk

[2–5]. Among these, the gain-of-function factor V Leiden (FVL) and

factor II (FII) c.*97G>A variant (rs1799963, also known as factor II

[FII] or prothrombin G20210A mutation) have been the most well-

studied. FVL is a hereditary clotting alteration, with a prevalence of

heterozygous carriers of 3% to 8% in Caucasian populations and of

homozygous carriers of 1/5000 [6]. This variant consists of guanine to

adenine substitution at nucleotide 1601 in the coagulation factor V

gene, leading to the substitution of glutamine with arginine

(c.1601G>A p.Arg534Gln) in the cleavage site of the natural antico-

agulant activated protein C (APC). As result, factor Va becomes

resistant to APC with a 10-fold slower inactivation rate than normal

[7]. Heterozygous carriers of the FVL variant have a 7-fold increased

risk of VTE and this risk grows up to 80-fold in homozygosity [6]. The

rs1799963 variant is located in the 3′UTR of the FII gene and is

associated with an increase in prothrombin plasma levels. Carriers of

the AG genotype have a 2.8-fold increased risk of VTE compared with

carriers of the reference GG genotype [8].
Although FVL and FII rs1799963 variants are well-established

genetic risk factors for VTE, their contribution to CAD is less clear.

Rosendaal and colleagues were the first to show an effect of these

variants on acute myocardial infarction (AMI) in men [4] and young

women [2,3], with relative risks, an increase ranging from 1.4 [4] to

4.0-fold [2,3]. However, these effects were not always confirmed by

subsequent studies in other populations [9,10]. Overall, authors re-

ported a CAD risk increase in carriers of these genetic risk factors of a

small-moderate entity or confined only in those with at least 1

concomitant traditional cardiovascular risk factor. With this back-

ground, in the present study, we aimed to investigate the association

of FVL and FII rs1799963 variant with premature CAD in a population

of young Iranians and to assess whether the risk of premature CAD

associated with these genetic variants is modified by the co-presence

of traditional cardiovascular risk factors.
2 | METHODS

2.1 | Study design and subjects

We performed a genetic case-control association study in the frame of

the premature CAD Milano-Iran study. The Milano-Iran study has

been set up to investigate phenotypic and genotypic risk factors for

CAD in young Iranians [11,12]. It includes consecutive young patients

(women aged ≤55 years, men aged ≤45 years) who underwent diag-

nostic coronary angiography (CA) at the Tehran Heart Centre (Iran)

between June 2004 and July 2011 for the following indications: un-

stable angina, stable angina, AMI, atypical chest pain (with positive

exercise test or myocardial nuclear scan), valvular heart disease

(candidate for catheterization), peripheral vascular disease (aorta

disease, renal artery stenosis, carotid artery stenosis), and history of

recent myocardial infarction. Patients with luminal stenosis greater

than 50% in at least 1 main coronary artery or their branches were

included as CAD cases. Patients with luminal stenosis below 50%
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(minimal CAD) were excluded from this study, as well as patients with

a history of myocardial infarction and unavailable DNA samples.

Controls were recruited from the Tehran Cohort Study, a

population-based cohort enrolling between 2016 and 2019 more than

8000 voluntary participants over the age of 35 years from the general

population of Tehran city with the purpose of detecting risk factors for

cardiovascular disease, trauma, and their related psychologic factors

[13]. Subjects unrelated with cases and free from a history of CAD,

AMI, symptoms of stable or unstable angina, known symptomatic

valvular heart disease, coronary angioplasty, or coronary artery

bypass surgery were randomly selected from this cohort and fre-

quency matched for sex and age (women aged <60 years, men aged

<50 years).

The study was approved by the Ethics committee Board of Tehran

Heart Center, and all patients and controls signed informed consent

before inclusion in the study.
2.2 | Clinical data

Demographic, clinical, risk factors, and angiography procedural data

were obtained from medical records and the CA Data Registry of

Tehran Heart Center [11,12]. In this registry data of all the patients

who undergo CA are routinely collected by trained physicians in the

outpatient and inpatient settings at the time of CA. The collected in-

formation included age, sex, ethnicity, cardiovascular risk factors

including body mass index (BMI), current or past smoking habits,

history of hypertension, hyperlipidemia, and diabetes mellitus. BMI

was calculated as weight (kilograms) divided by height squared (me-

ters). Obesity was defined as when BMI was equal to or greater than

30 kg/m2. Current smokers were those who smoked at least 1 ciga-

rette per day, or who had stopped smoking for less than 1 year;

former smokers were those who had stopped smoking for at least 1

year, and never smokers were those who have never smoked. Subjects

were considered hypertensive in the presence of a blood pressure

repeatedly higher than 140/90 mmHg or in the case of chronic use of

antihypertensive medications. Hyperlipidaemia was defined as hy-

percholesterolemia (total cholesterol greater than 5.2 mmol/L) or

hypertriglyceridemia (triglycerides greater than 2.3 mmol/L) or

chronic intake of lipid-lowering drugs. Diabetes mellitus was defined if

fasting blood glucose was greater than 7.0 mmol/L or blood glucose

greater than 11.1 mmol/L after an oral glucose tolerance test, or in the

presence of a history of diabetes mellitus, with or without the use of

anti-diabetic medications.
2.3 | Genetic analysis

FVL (c.1601G>A; rs6025) and FII rs1799963 variants were genotyped

using the TaqMan SNP genotyping assays (Applied Biosystems) in

Milan (Italy) and Leiden (The Netherlands), following the manufac-

turer’s instructions. For both FVL and FII rs1799963 variants, subjects

were categorized as homozygous for the risk allele (AA), heterozygous
(AG), or homozygous for the reference allele (GG). Carriership of the

gene variants was defined as being homozygous or heterozygous for

the risk allele (AA + AG subjects).
2.4 | Statistical analysis

Continuous variables were reported as the median and IQR, whereas

categoric variables were reported as count and percentage.

The association between FVL or rs1799963 and premature CAD

was assessed by logistic regression assuming an additive genetic

model and adjusting for matching factors (age, sex) and ethnicity to

calculate the odds ratios (ORs) and 95% CIs as measures of relative

risk. Ethnicity was self-reported as Fars, Tork, Mazani, Gilak, Lor, and

Kord. Other minor ethnic groups were grouped as others (eg, Turk-

men and Arabs). The modifier effect of sex and major cardiovascular

risk factors (smoking and metabolic risk factors [ie, at least 1 risk

factor among obesity, hypertension, hyperlipidemia, and diabetes])

was assessed by stratification and interaction analyses, assuming ad-

ditive effects [14]. Statistical analyses were performed by using the

SPSS statistical software package (IBM SPSS Statistics for Windows,

Version 27.0; IBM Corp).
3 | RESULTS

A total of 1000 CAD cases and 1082 controls were genotyped for FVL

and FII rs1799963 variants. Genotyping failed for both variants in 56

cases and 1 control likely because of low concentration or poor quality

of DNA samples, leaving 944 cases and 1081 controls available for

analysis. Table 1 reports the demographic and clinical characteristics

of the study participants. The majority of them (65%) were women

and had a median age of 47 years. In both cases and controls the most

prevalent ethnicity was Persian (52.3% vs 49.5%), followed by Turkish

ethnicity (23.9% vs 32.8%). As expected, a higher proportion of

traditional cardiovascular risk factors (family history of CAD, obesity,

diabetes mellitus, hyperlipidemia, hypertension, and smoking) was

observed in cases than in controls.

At the genotyping analysis, FVL and rs1799963 resulted to be

low-frequency variants in the Iranian population, with minor allele

frequencies in controls of 1.5% and 1.4%, respectively. Table 2 reports

the results of the association analysis between FVL and rs1799963

variants with premature CAD. FVL in the heterozygous or homozy-

gous state was found in 4.5% of cases, compared with 3% of controls.

Carriership of FVL was associated with a 1.5-fold increased risk of

CAD (OR adjusted for matching factors [age and sex], 1.53; 95% CI,

0.95-2.46), with no difference after adjusting for the potential con-

founding effect of ethnicity (OR, 1.54; 95% CI, 0.95-2.48). At variance

with FVL, rs1799963 was less prevalent in cases than controls (2.2%

vs 2.9% of carriers, respectively), with a fully adjusted OR (adjOR) of

0.71 (95% CI, 0.40-1.27).

When the analysis was stratified by sex, we found that the rela-

tive risk of premature CAD associated with FVL appeared greater in



T AB L E 1 Baseline characteristics of study subjects.

Variables Cases (n = 944) Controls (n = 1081)

Female sex, n (%) 616 (65) 756 (70)

Age, y, median (IQR) 47 (43-52) 45 (40-51)

Ethnicity, n (%)a

Fars 487 (52.3) 535 (49.5)

Tork 213 (23.9) 354 (32.8)

Mazani 73 (7.8) 22 (2.0)

Gilak 68 (7.3) 57 (5.3)

Lor 44 (4.7) 45 (4.2)

Kord 29 (3.1) 30 (2.8)

Other 17 (1.8) 38 (3.5)

Family history of CAD, n (%)b 411 (44) 242 (23)

BMI, Kg/m2, median (IQR)c 29.2 (26.3-32.2) 27.5 (24.8-31.0)

Diabetes mellitus, n (%)d 340 (36) 125 (12)

Hyperlipidemia, n (%)e 707 (75) 278 (26)

Hypertension, n (%) 529 (56) 159 (15)

Cigarette smoking, n (%)f 263 (28) 139 (13)

Former, n (%) 69 (7.3) 7 (0.7)

Current, n (%) 194 (20.6) 132 (12.3)

BMI, body mass index; CAD, coronary artery disease.
aAvailable for 931 cases/all controls.
bAvailable for 941 cases/1071 controls.
cAvailable for 942 cases/1074 controls.
dAvailable for all cases/1080 controls.
eAvailable for 943 cases/1080 controls.
fAvailable for all cases/1073 controls.
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women (adjOR, 1.66; 95% CI, 0.95-2.89) than in men (adjOR, 1.25;

95% CI, 0.48-3.31). The same more pronounced effect in women, but

in the opposite direction, was found for the association between
T AB L E 2 Association of FVL and rs1799963 with the occurrence of p

FVL genotype Cases (n = 911) Controls (n

GG 870 (95.5) 1049 (97.0)

AG 39 (4.3) 31 (2.9)

AA 2 (0.2) 1 (0.1)

Carrier (AG + AA) 41 (4.5) 32 (3.0)

rs1799963 genotype Cases (n = 944) Controls

GG 923 (97.8) 1050 (97.

AG 19 (2.0) 31 (2.9

AA 2 (0.2) 0 (0.0

Carrier (AG + AA) 21 (2.2) 31 (2.9

OR adjusted for the matching factors (age, sex).

CAD, coronary artery disease; FVL, factor V Leiden; OR, odds ratio; OR1, OR a

ethnicity.
rs1799963 and CAD (adjOR women, 0.60; 95% CI, 0.29-1.23; adjOR

men, 1.07; 95% CI, 0.39-2.91) (Table 3).

Smoking and the presence of at least 1 metabolic risk factor among

obesity, hyperlipidemia, hypertension, or diabetes mellitus were strong

risk factors for premature CAD. Among cases, 21% were current

smokers and 92% had at least 1 metabolic risk factor, compared with

12% and 52% of controls, respectively. Table 4 shows the separate and

combined effect of these major cardiovascular risk factors and the

carriership of FVL or rs1799963 variants on the risk of premature

CAD. Being a carrier of FVL increased the risk of CAD from 2.9- to 4.4-

fold in smokers and from 12.2- to 25.1-fold in patients with at least 1

metabolic risk factor, compared with noncarriers without the cardio-

vascular risk factor. The risk increase estimate for the combination of

FVL and smoking was similar to that expected by the sum of the 2

separate relative risks, suggesting the lack of any biological interaction

between these 2 variables (OR for the combination 4.35 [95% CI, 1.14-

16.56] vs expected OR assuming additive effects 1 + [1.56 − 1] +
[2.92 − 1] = 3.48, being 1 the baseline risk). Conversely, the risk in-

crease estimated by combining FVL with a metabolic risk factor was

higher than expected by the sum of the 2 separate relative risks,

making a positive interaction plausible (OR for the combination 25.14

[95% CI, 12.51-50.52] vs expected OR assuming additive effects 1 +
[1.70 − 1] + [12.19 − 1] = 12.89). At variance with FVL, being a carrier

of rs1799963 reduced the risk of CAD from 3- to 1.4-fold in smokers

and from 11.8- to 8.2-fold in patients with at least 1 metabolic risk

factor, compared with noncarriers without the corresponding cardio-

vascular risk factor. The risk estimated by the combination of

rs1799963 with smoking or the presence of a metabolic risk factor was

only slightly lower than expected based on the separate relative risks

(OR for the combination with smoking 1.40 [95% CI, 0.44-4.40] vs

expected OR assuming additive effects 1 + [0.75 − 1] + [2.96 − 1] =

2.71; OR for the combination with metabolic risk factors 8.16 [95% CI,

3.94-16.91] vs expected OR assuming additive effects 1 + [1.04 − 1] +
[11.80 − 1] = 11.74).
remature CAD.

= 1081) OR (95% CI) OR1 (95% CI)

Reference Reference

1.49 (0.92-2.42) 1.49 (0.92-2.43)

2.80 (0.25-31.79) 3.05 (0.27-34.66)

1.53 (0.95-2.46) 1.54 (0.95-2.48)

(n = 1081) OR (95% CI) OR1 (95% CI)

1) Reference Reference

) 0.67 (0.37-1.20) 0.64 (0.35-1.15)

) - -

) 0.75 (0.42-1.31) 0.71 (0.40-1.27)

djusted for the matching factors (age, sex) and the possible confounder



T AB L E 3 Association of FVL and rs1799963 and the risk of premature CAD in men and women subjects.

FVL genotype

Men Women

Cases (n = 314) Controls (n = 325) OR (95% CI) Cases (n = 597) Controls (n = 756) OR (95% CI)

GG 304 (96.8) 317 (97.5) Reference 566 (94.8) 732 (96.8) Reference

AG 10 (3.2) 8 (2.5) 1.25 (0.48-3.31) 29 (4.9) 23 (3.0) 1.60 (0.91-2.82)

AA 0 (0) 0 (0) - 2 (0.3) 1 (0.1) 3.32 (0.28-39.00)

Carrier (AG + AA) 10 (3.2) 8 (2.5) 1.25 (0.48-3.31) 31 (5.2) 24 (3.2) 1.66 (0.95-2.89)

rs1799963 genotype

Men Women

Cases (n = 328) Controls (n = 325) OR (95% CI) Cases (n = 616) Controls (n = 756) OR (95% CI)

GG 320 (97.6) 317 (97.5) Reference 603 (97.9) 733 (97.0) Reference

AG 8 (2.4) 8 (2.5) 1.07 (0.39-2.91) 11 (1.8) 23 (3.0) 0.49 (0.23-1.05)

AA 0 (0) 0 (0) - 2 (0.3) 0 (0) -

Carrier (AG + AA) 8 (2.4) 8 (2.5) 1.07 (0.39-2.91) 13 (2.1) 23 (3.0) 0.60 (0.29-1.23)

OR adjusted for age (control matching factor) and ethnicity (possible confounder).

CAD, coronary artery disease; FVL, factor V Leiden; OR, odds ratio.
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4 | DISCUSSION

The present study aimed to investigate the association between FVL

and FII rs1799963 variant with premature CAD in a population of

young Iranians and to assess whether or not this association was
T AB L E 4 Combination of FVL and rs1799963 and major cardiovascu

Cardiovascular risk factor FVL Ca

Non-smokers, n (%) GG 62

AG + AA 3

Smokers, n (%) GG 24

AG + AA

No metabolic risk factor, n (%) GG 6

AG + AA

Metabolic risk factor, n (%) GG 80

AG + AA 3

Cardiovascular risk factor FII 20210 C

Non-smokers, n (%) GG 6

AG + AA

Smokers, n (%) GG 2

AG + AA

No metabolic risk factor, n (%) GG

AG + AA

Metabolic risk factor, n (%) GG 8

AG + AA

Metabolic risk factor: at least 1 among obesity, hyperlipidemia, hypertension, a

Percentages are calculated within each stratum of cardiovascular risk factor (ie,

OR adjusted for sex, age (control matching factors), and ethnicity (possible con

CAD, coronary artery disease; FVL, factor V Leiden; OR, odds ratio.
influenced by the concomitance of traditional cardiovascular risk

factors. We found that FVL, but not the rs1799963 variant, was

associated with an increased risk of premature CAD. Our findings are

consistent with studies carried out in several populations belonging to

a wide variety of ethnic groups (Caucasian, Asian, and African
lar risk factors on the risk of premature CAD.

ses Controls OR (95% CI)

6 (95.1) 905 (96.9) Reference

2 (4.9) 29 (3.1) 1.56 (0.93-2.62)

4 (96.4) 136 (97.8) 2.92 (2.23-3.82)

9 (3.6) 3 (2.2) 4.35 (1.14-16.56)

8 (94) 496 (96) Reference

4 (6) 19 (4) 1.70 (0.56-5.18)

2 (96) 549 (98) 12.19 (9.10-16.32)

7 (4) 13 (2) 25.14 (12.51-50.52)

ases Controls OR (95% CI)

66 (97.8) 909 (97.3) Reference

15 (2.2) 25 (2.7) 0.75 (0.38-1.46)

57 (97.7) 133 (95.7) 2.96 (2.27-3.87)

6 (2.3) 6 (4.3) 1.40 (0.44-4.40)

75 (97.4) 500 (97.1) Reference

2 (2.6) 15 (2.9) 1.04 (0.23-4.67)

47 (97.8) 546 (97.2) 11.80 (8.90-15.64)

19 (2.2) 16 (2.9) 8.16 (3.94-16.91)

nd diabetes.

among the non-smoker controls, 3% were carriers of FVL or rs1799963).

founder). Unadjusted OR yielded similar ORs.
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American), wherein FVL resulted to be an independent risk factor for

CAD, not only at early ages [15–21].

Our data confirmed also previous findings stemming from a large

Italian case-control study of 1880 cases, wherein FVL but not

rs1799963 was associated with an increased risk of AMI before the

age of 45 years, also after adjusting for traditional cardiovascular risk

factors [5]. However, unlike our study, the reported association of

rs1799963 with AMI, albeit not statistically significant, was slightly

positive (OR, 1.32; 95% CI, 0.96-1.80).

Other authors failed to find an association between FVL and CAD

[9,10,22–34] and others reported an association between rs1799963

and a moderate increase in CAD risk [21,35]. The lack of consistency

among studies may reflect differences in the study population char-

acteristics, regarding the prevalence of cardiovascular risk factors

which may act synergistically with FVL, as well as potential gene-gene

interactions. Moreover, the differences in study design, genotyping

procedures, sample sizes, and definitions used for the CAD endpoint

and thus for cases and controls may have contributed to these varied

findings. In particular, in a large proportion of studies, CAD was

defined only on the basis of the clinical presentation, troponin alter-

ations, and electrocardiographic ischemic changes and was not

documented by CA. Therefore, a risk of misclassification as healthy

subjects of patients with clinically silent CAD had to be considered.

In our study, the association between FVL and premature CAD

was more pronounced in women than men, and this observation may

be explained by considering the low incidence of AMI in young

women. Indeed, even a small increase in the number of cardiovascular

events may lead to high relative risks in a population characterized by

low cardiovascular risk. Another possible explanation could be found

in the different CAD etiology between men and women. For example,

estrogens have been demonstrated to increase APC resistance.

Therefore, FVL may play a more relevant role in AMI occurrence in

young women [36]. This observation was previously supported by the

findings in a large Dutch cohort (n = 1891) that the association of 5

hereditary thrombophilic defects (including FVL) with arterial throm-

boembolism was stronger in women younger than 55 years [37].

Consistently, in a study of 1653 AMI patients and 909 unrelated

subjects from southern Italy, the allelic frequency of FVL was signifi-

cantly higher in young AMI women (OR, 3.67) [38].

In the present study, the risk of CAD in FVL carriers was further

increased and reached statistical significance when a cardiovascular risk

factor was also present, with an overall OR of 4.35 or 25.14 for smoking

and at least a metabolic risk factor, respectively. This result is consistent

with previous studies showing a gene-environmental interaction be-

tween FVL and traditional cardiovascular risk factors on the occurrence

of AMI. In a population-based case-control study of 84 young women

with first AMI and 388 age-matched women controls, the risk of AMI in

FVL carriers was increased 4-fold when adjusted for major cardiovas-

cular risk factors. Smoking women who carried FVL had a 32-fold

increased risk of AMI compared with nonsmoking noncarriers [2]. In

another population-based case-control study among 560 men with a

first AMI before the age of 70 years and 646 men control subjects, the

AMI risk in FVL carriers was substantially increased when a major
cardiovascular risk factor (among smoking, hypertension, diabetes

mellitus, or obesity) was present [4].

We found a positive interaction between FVL and the presence of

at least 1 metabolic risk factor. This positive interaction may be

explained considering that both factors are proatherogenic and pro-

thrombotic and thus their activities may be enhanced in a sort of

synergism. Indeed, the FVL-induced increase in thrombin generation

may lead to greater atherosclerosis development and progression, as

shown by experimental models. In particular, homozygosity for FVL

leads to enhanced atherosclerosis in mice [39–41]. This pro-

atherogenic effect may be further accelerated when traditional

atherogenic risk factors are present. Moreover, the FVL-related hy-

percoagulability may induce a higher risk of clot formation on the

unstable plaque [42–50]. However, the interaction analyses rely on a

lower number of subjects because of the combination of multiple risk

factors, hence, their results should be interpreted with caution.

As concern the prothrombin gene variant, in our study it seemed to

beprotective on the risk of prematureCAD. In agreementwith previous

studies, ourfindings indicate that prothrombin has no pathogenic role in

CAD development. However, to our knowledge, there is no biological

mechanism that could explain a protective effect. Indeed, higher pro-

thrombin levels induce an increased thrombin generation and thus a

state of hypercoagulability. Therefore, the unexpected inverse trend of

associationweobservedhas to be interpretedwith caution. The present

study has limitations. The case-control design has led to the exclusion of

patients who died before reaching the coronary care units. However,

the mortality rate is very low in young subjects, and it is unlikely that

patients who died during the acute phase of AMI had a different prev-

alence of FVL or rs1799963 variants. Therefore, it is unlikely that this

led to biased results. Moreover, data stemming from an Iranian young

population do not necessarily apply to other populations. It has also to

be noted that CIs around the ORs point estimates are wide, limiting the

interpretation of our findings. However, this may be explained consid-

ering the rarity of the studied genetic variants and their combination

with other risk factors, despite the aforementioned limitations, this

study provided an opportunity to evaluate the association of FVL and

prothrombin mutations with premature CAD, because young subjects

are an optimal sample to investigate no atherosclerosis-related hered-

itary causes of CAD, considering their lower prevalence of traditional

cardiovascular risk factors. Moreover, unlike other studies, our defini-

tion of CADand thus of cases and controlswas documented byCA. Last,

the main interaction analyses with traditional cardiovascular risk fac-

tors have been accounted for.
5 | CONCLUSION

In conclusion, we found that FVL, but not the FII rs1799963 variant,

was associated with an increased risk of premature CAD in young

Iranians. This risk was further increased when combined with other

cardiovascular risk factors. CAD has a complex etiology, resulting

from the combined effects of genes and environment. Therefore, the

contribution of a single prothrombotic mutation as FVL is likely to be
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small and might be clinically relevant only in specific groups of pa-

tients. The lack of consistency among the published data in this field

supports this consideration.

Our data do not justify a routine screening for FVL in cardio-

vascular prevention or genetic counseling for this mutation in family

members of CAD patients. Further investigation is needed to better

understand the role of FVL or rs1799963 on the occurrence of CAD

and their gene-environment interactions, with the final goal to define

the categories of patients who would benefit more from a thrombo-

philia screening in cardiovascular prevention and thus from a

personalized preventive approach.
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[35] Kallel A, Sbaï MH, Sédiri Y, Feki M, Mourali MS, Mechmeche R, et al.

Association between the G20210A polymorphism of prothrombin

gene and myocardial infarction in Tunisian population. Biochem

Genet. 2016;54:653–64.

[36] Henkens CM, Bom VJ, Seinen AJ, van der Meer J. Sensitivity to

activated protein C; influence of oral contraceptives and sex. Thromb

Haemost. 1995;73:402–4.
[37] Mahmoodi BK, Veeger NJ, Middeldorp S, Lijfering WM, Brouwer JL,

Ten Berg J, et al. Interaction of hereditary thrombophilia and

traditional cardiovascular risk factors on the risk of arterial throm-

boembolism: pooled analysis of four family cohort studies. Circ

Cardiovasc Genet. 2016;9:79–85.

[38] Tomaiuolo R, Bellia C, Caruso A, Di Fiore R, Quaranta S, Noto D,

et al. Prothrombotic gene variants as risk factors of acute myocardial

infarction in young women. J Transl Med. 2012;10:235.

[39] Eitzman DT, Westrick RJ, Shen Y, Bodary PF, Gu S, Manning SL, et al.

Homozygosity for factor V Leiden leads to enhanced thrombosis and

atherosclerosis in mice. Circulation. 2005;111:1822–5.

[40] Lou XJ, Boonmark NW, Horrigan FT, Degen JL, Lawn RM. Fibrinogen

deficiency reduces vascular accumulation of apolipoprotein(a) and

development of atherosclerosis in apolipoprotein(a) transgenic mice.

Proc Natl Acad Sci U S A. 1998;95:12591–5.

[41] Xiao Q, Danton MJ, Witte DP, Kowala MC, Valentine MT, Degen JL.

Fibrinogen deficiency is compatible with the development of

atherosclerosis in mice. J Clin Invest. 1998;101:1184–94.

[42] Hurlen M, Abdelnoor M, Smith P, Erikssen J, Arnesen H. Warfarin,

aspirin, or both after myocardial infarction. N Engl J Med.

2002;347:969–74.

[43] van Es RF, Jonker JJ, Verheugt FW, Deckers JW, Grobbee DE.

Antithrombotics in the Secondary Prevention of Events in Coronary

Thrombosis-2 (ASPECT-2) Research Group. Aspirin and coumadin

after acute coronary syndromes (the ASPECT-2 study): a rando-

mised controlled trial. Lancet. 2002;360:109–13.

[44] Borissoff JI, Spronk HM, Heeneman S, ten Cate H. Is thrombin a key

player in the ‘coagulation-atherogenesis’ maze? Cardiovasc Res.

2009;82:392–403.

[45] Loeffen R, Spronk HM, ten Cate H. The impact of blood coagulability

on atherosclerosis and cardiovascular disease. J Thromb Haemost.

2012;10:1207–16.

[46] Seehaus S, Shahzad K, Kashif M, Vinnikov IA, Schiller M, Wang H,

et al. Hypercoagulability inhibits monocyte transendothelial migra-

tion through protease-activated receptor-1-, phospholipase-Cbeta-,

phosphoinositide 3-kinase-, and nitric oxide-dependent signaling in

monocytes and promotes plaque stability. Circulation.

2009;120:774–84.

[47] Kalz J, ten Cate H, Spronk HM. Thrombin generation and athero-

sclerosis. J Thromb Thrombolysis. 2014;37:45–55.

[48] Valente-Acosta B, Baños-González MA, Peña-Duque MA, Martínez-
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