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Abstract

:

Cardiovascular disease (CVD) is the leading cause of death worldwide, with coronary artery disease (CAD) being one of its main manifestations. Both environmental and genetic factors are widely known to be related to CAD, such as smoking, diabetes mellitus, dyslipidemia, and a family history of CAD. However, there is still a lack of information about other risk factors, especially those related to genetic mutations. Sex represents a classic CAD risk factor, as men are more likely to suffer CAD, but there is lack of evidence with regard to sex-specific genetic factors. We evaluated the Y chromosome haplogroups in a cohort of young Spanish male patients who suffered from STEMI. In this cohort, haplogroup R was significantly more frequent in STEMI patients.
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1. Introduction


Cardiovascular disease (CVD) remains the leading cause of morbidity and mortality worldwide [1,2], coronary artery disease (CAD) being a major concern. CAD is a complex disease with multiple risk factors, including genetics, lifestyle, and environmental factors [1,2]. Classic cardiovascular risk factors known to contribute to the development of CAD include smoking, high blood pressure, diabetes mellitus, high cholesterol levels or dyslipidemia (DL), a family history of CAD, obesity, a lack of physical activity, and stress [3]. Moreover, CAD has important genetic underpinnings that can be considered equivalent to environmental factors [4]. However, the role of genetic factors in CAD susceptibility, beyond familial hypercholesterolemia [5], is not yet well understood. In this regard, studying genetic susceptibility for premature CAD is of utmost importance.



Because CAD is more common among men, sex-specific factors might contribute to the risk of developing this disease. Although several loci have been identified to be associated with the genetic risk for CAD, the contribution of Y chromosome variants to CAD risk remains unclear. As a result, there has been increasing interest in the potential association between Y chromosome polymorphisms and CAD risk. Chromosome Y is male-specific and plays a determinant role in defining the biological characteristics of male sex. Chromosome Y is unique in that it is paternally inherited and passed down from father to son. Therefore, Y variants have been used to determine the patrilineal history and migration patterns of human populations [6,7]. In this regard, Y chromosome haplogroups are defined by specific sets of single-nucleotide polymorphisms (SNPs) that are passed down through the male lineage. The distribution of Y chromosome haplogroups varies significantly between populations due to differences in migration patterns, genetic drift, and natural selection, and reflects the timeline distance between human populations [6,8]. In this regard, haplogroup R (defined by SNP rs2032636, also known as M207) would have originated about 30,000 years ago in South-Asia and is present in more than half of Europeans. A subclade of R designated as R1b (SNP rs9786153 or M269) would have surged during the Upper Paleolithic (approx. 28,000 years ago) in the Caucasus region and is present in more than half of Spanish men, with higher frequencies in the Cantabrian cornice.



Some studies have suggested that Y chromosome haplogroups may also be associated with various health outcomes, including cancer or cardiovascular disease [9]. Some studies have reported an association between specific haplogroups and CAD risk [10,11]. However, other studies have failed to find such an association. In summary, the evidence linking specific haplogroups with CAD risk is still limited and controversial.



Many studies are limited by their sample sizes, differences in the definitions of CAD, presentation ages, ethnicities of the populations studied, and other potential confounding factors. Therefore, further studies are needed to elucidate the potential role of Y chromosome haplogroups in the development of CAD. Identifying genetic markers associated with CAD risk may help to develop more effective prevention and treatment strategies for this common and debilitating disease.



In this scenario, aiming to provide some insights into the genetic determinants of premature CAD in men, we aimed to evaluate the different Y chromosome haplogroups in a cohort of male patients presenting with premature myocardial infarction with ST-elevation (STEMI).




2. Materials and Methods


2.1. Study Population


Patients were recruited from the CholeSTEMI registry [5,12]. This study was approved by the local Ethical Committee (CEIMPA; registry number 2020/003) [5,12]. All participants who wished to participate in the actual investigational project had signed written consent to grant access to their genetic data for additional investigational purposes.



In this study, we review all consecutive patients referred to our center for emergency cardiac catheterization due to STEMI as reported elsewhere [5,12]. From the initial cohort of 157 male patients with premature STEMI, 35 were not studied due to lack of DNA. The main characteristics of the remaining 122 male patients with premature STEMI are shown in Table 1. All patients from this cohort were of European ancestry and from the region of Asturias (Northern Spain, total population of about 1 million). Only patients with type 1 myocardial infarction and confirmed atherothrombotic CAD by coronary angiogram, who agreed to participate in the CholeSTEMI registry, were included in this study. Patients with other kinds of myocardial infarction different to type 1 myocardial infarction (such as vasospasm, demand/supply mismatch due to hypoxemia, anemia or arrythmia, etc.), according to ESC guidelines [13,14], were excluded from analysis.



Premature CAD for men was considered if presented before the age of 55 [15,16]. Patients without sufficient stored DNA to perform the additional Y chromosome haplogroup study were excluded from this study.



Clinical data from this cohort was already reviewed: birth date, gender, age at STEMI, and classical cardiovascular risk factors: high blood pressure, tobacco consumption, diabetes mellitus, dyslipidemia, and premature CAD.




2.2. Control Cohort


We compare the Y chromosome haplogroup prevalence to that found in a representative control cohort of 200 individuals from the same region of the cohort of premature CAD presenting with STEMI. These male controls were aged <55 years and recruited as part of the RENASTUR project to determine the prevalence of cardiovascular risk factors in the region of Asturias [17]. For the objectives of our study, these controls were genotyped with the only purpose of determining the frequency of the main Y haplogroups in our population.




2.3. Genetic Testing


All the male patients (N = 122) and controls (N = 200) were genotyped for 8 single nucleotide polymorphisms in chromosome Y that defined the common European Y haplogroups (Table 1). The corresponding nucleotides were determined by real-time PCR with Taqman assays in an ABI7500 equipment and following the manufacturer instructions (Fisher Scientific). The allele frequencies among Europeans were obtained from the Ensembl database (www.ensembl.org).




2.4. Statistical Analysis


Statistical analysis was performed with STATA. Descriptive data for continuous variables are presented as mean ± SD and as frequencies or percentages for categorical variables. The Chi-square test was used to compare frequencies, whereas differences in continuous variables were evaluated with either Student’s t-test or Mann–Whitney U test. A p value below 0.05 was considered to be significant.





3. Results


The eight single nucleotide polymorphisms determined to define the Y haplogroups are summarized in Table 1. The frequency of the allele that defined the haplogroup among Europeans is indicated in Table 1. The haplogroup labelled as “other” corresponded to the remaining haplogroups that could not be assigned based on the allele combinations at the 8 SNPs.



Prevalence of the different Y chromosome haplogroups in both control and patient’s cohorts are shown in Figure 1. As expected, due to its geographical location in the Cantabrian cornice of Spain, haplogroup R was the most frequent in our population, followed by haplogroups E, H and G (Table 2). Due to it high frequency, we also evaluated R subhaplogroups, being most for them were R1 (SNP rs2032624 = M173) and R1B (Table 2).



However, only 2% of the controls and none of the STEMI patients were R1A. Moreover, when we compared the frequencies of R haplogroup between patients and controls, we found that cases had a significantly increased frequency (p = 0.04), with an OR = 1.65 (95% CI = 1.02–2.69). In particular, we found the frequency of Y chromosome haplogroup R1B in STEMI patients to be significantly higher than in the control cohort. Thus, in our population the common Y haplogroup R seems to be a risk factor for premature STEMI in men.



In contrast, in our region, the haplogroup I was rare, representing only 4% and 6% of the control and patient cohort, respectively (p = 0.47). Given its low frequency, subgroups of this haplogroup were not evaluated.



Haplogroups J, E and “other” showed a frequency that was non-significantly lower in the patients than in the controls, whereas haplogroup G was significantly less frequent (Table 2). For these rare haplogroups, we believe that evaluating the effect on STEMI risk is statistically underpowered due to the reduced sample size.



General clinical characteristics of the included 122 male patients with premature STEMI are shown in Table 3. Personal history of tobacco consumption was, by far, the most frequent cardiovascular risk factor in this young population presenting with premature CAD (86%).



Among the population with premature STEMI, haplogroups G and I were more common in patients with a family history of premature cardiovascular disease than in those without it (Table 4). Moreover, the haplogroup “other” was significantly more frequently found in those STEMI patients who suffered diabetes mellitus when compared to those without diabetes (Table 4).



We did not find significant differences between the haplogroups for the mean cholesterol levels (Table 5).




4. Discussion


Premature CAD is a significant health concern that requires early diagnosis, effective management, and ongoing prevention. It is crucial to identify and manage risk factors to prevent the development of premature CAD and its associated complications. Therefore, investigating the genetics of populations with premature CAD, presenting with life threatening events like this cohort, is of utmost importance. The heritability of CAD has been estimated to be between 40% and 60%, on the basis of family and twin studies [18]. Remarkably, these heritable effects manifest more evidently in younger individuals [19]. An interesting study performed in twins reported that the probability of dying from CAD given that one’s twin has already died from CAD decreased with increasing age, particularly amongst males [19].



Research studies have investigated the association between Y chromosome polymorphisms and the risk of CAD. However, the findings are not consistent and the relationship between Y haplogroups and CAD risk remains unclear. Charchar et al. studied three cohorts of British men with more than 3000 participants and found that carriers of haplogroup I had about a 50% higher age-adjusted risk of CAD than men with other Y haplogroups (p < 0.001; OR = 1.56, 1.24–1.97). The association between haplogroup I and increased risk of CAD was independent of traditional cardiovascular and socioeconomic risk factors [10]. These authors showed that this haplogroup was associated with the differential expression of genes related to inflammation and immunity, some of them relevant to atherosclerosis [10]. Haplogroup I has been also associated with a higher expression of chromosome Y genes linked to the immune system [11]. However, other authors failed to confirm the association between haplogroup I and CAD [20].



An analysis of men from the UK Biobank revealed that haplogroup I (Y1 subclade) was associated with an 11% increase in risk of CAD when compared with all other haplogroups combined (OR= 1.11, 95% CI = 1.04–1.189) [21]. The same authors showed that haplogroup-I1-specific variants showed enrichment for promoter and enhancer chromatin states in cells/tissues relevant to atherosclerosis, and haplogroup I1 was associated with changes in pathways involved in atherosclerosis development such as defense against pathogens, immunity, oxidative phosphorylation, mitochondrial respiration, lipids, coagulation, and extracellular matrix remodeling [21]. Due to the pivotal role of immunity and inflammation pathways in the development of atherosclerotic lesions, it is plausible that a differential immune response between the Y haplogroups could explain the reported association with CAD. These haplogroups might be associated with differences within pathways underlying almost all stages of CAD, including the initiation, growth, and rupture of atherosclerotic plaque [21,22,23]. A critical driver of atherosclerosis, the apolipoprotein B gene [24], was upregulated in arteries from carriers of haplogroup I1 [21]. On the contrary, CAD patients with haplogroup I1 showed the upregulation of pathways involved in platelet aggregation and arterial thrombus formation [21,25].



However, the distribution of Y chromosome haplogroups may vary from Northern to Southern European populations [8]. On the one hand, in our study, the frequency of Y haplogroup I was only slightly higher in the patients and displayed no significant difference from the controls (6% vs. 4%, p = 0.47, Table 2). However, it should be noted that in our population, haplogroup I was less common than in other regions where the association with CAD was reported. Moreover, the I1 subgroup is common among UK men but very rare among Spanish men (<1%). It is thus possible that the different results between populations reflect the presence of DNA variants beyond the ancestral SNP that defines the haplogroup. Thus, the sequencing of the Y-specific region is necessary to uncover the nucleotide changes that would explain the association with CAD.



On the other hand, in Southern European populations, haplogroup R1b is the most frequent (40–70%), followed by E1b1b and J2 (5–20%, respectively). In the Iberian Peninsula, the general reported prevalences are similar: 70–80% for R1B and 5–15% for E1b1b and J2, respectively [26]. In this regard, our region (Asturias) geographically belongs to the Spanish Cantabrian cornice, where haplogroup R1B is known to be the most common haplogroup. Accordingly, the frequencies from our controls were in agreement with those reported by others [26]. However, in addition, in the population of patients for whom we evaluated premature STEMI, we found significantly more patients with this particular haplogroup R1B that in the control population (Table 2).



The underlying mechanisms by which Y chromosome haplogroups influence the risk of CAD are not fully understood. However, studies have suggested that genetic variations within the Y chromosome could affect the expression of genes involved in lipid metabolism, inflammation, and thrombosis, which are key factors in the development of CAD. In this regard, Eales et al. showed that haplogroup I1 increased cardiovascular risk through the proatherosclerotic reprogramming of the transcriptome in several tissues of key relevance to CAD [21]. They observed changes in gene expression within other pathways underlying almost all stages of CAD, including the initiation, growth, and rupture of atherosclerotic plaque [21,22,23]. A critical driver of atherosclerosis, the apolipoprotein B gene [24], was upregulated in the arteries in carriers of haplogroup I1 [21]. On the contrary, CAD patients with haplogroup I1 showed the upregulation of pathways involved in platelet aggregation and arterial thrombus formation [21,25].



Moreover, while genetic factors play a significant role in the development of CAD, lifestyle factors such as smoking, poor diet, and lack of exercise also contribute to the risk of CAD. In this regard, some studies have shown that the association between Y chromosome haplogroups and CAD risk may vary depending on lifestyle factors. In this sense, a study by Pilbrow et al. found that men with the haplogroup I were at a higher risk of developing CAD if they smoked. In this regard, in this study of patients with premature CAD, the “rare” haplogroup was significantly more frequent among diabetic patients than non-diabetic ones. On the other hand, we found that haplogroup G was significantly more frequent in those patients with a family history of premature cardiovascular disease than in those without it.




5. Limitations


Overall, the relationship between Y chromosome haplogroups and the risk of premature CAD is complex and requires further investigation. Further studies are needed to elucidate the mechanisms underlying this association and to explore the potential clinical implications of Y chromosome haplogroups in the prevention and management of CAD. Studies with other epidemiological approaches, such as Mendelian randomization, are of interest to uncover the effect of cardio-metabolic variables in the risk for early-onset CAD. However, for this approach, a larger number of population controls and patients are required [27].




6. Conclusions


In conclusion, in our cohort of Spanish men, chromosome Y haplogroup R was significantly more frequent in premature STEMI. Y chromosome haplogroups may represent a novel avenue for understanding the genetic determinants of CAD risk in men.
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Figure 1. Prevalence of the different Y chromosome haplogroups in both control and patient’s cohorts. 
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Table 1. The 8 single nucleotide polymorphisms determined to define the Y haplogroups, genotyped with Taqman assays (Fisher scientific, Hampton, NH, USA).
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	NUCLEOTIDE

Y Position
	SNP
	HAPLOGROUP
	ASSAY
	EUR
	FREQUENCY





	13407103
	rs2032658 G/A
	R
	C___2307221_1Y
	G (0.58)
	0.0016



	12914512
	rs2032624 C/A
	R1
	C___2292796_20
	C (0.58)
	0.0016



	20577481
	rs9786153 T/C
	R1B
	C__29812961_10
	C (0.53)
	<0.0001



	2789135
	rs2534636 C/T
	R1A
	C__26236081_10
	T (0.05)
	0.0113



	14436668
	rs113623003 G/A
	I
	C_153784812_10
	A (0.14)
	0.0085



	20587967
	rs13447352 A/C
	J
	C__33589462_10
	C (0.11)
	0.1168



	19617112
	rs9306841 C/G
	E
	C__29796914_10
	G (0.03)
	0.0008



	12915617
	rs2032636 G/T
	G
	C___2292797_20
	T (0.06)
	0.0996
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Table 2. Y chromosome haplogroups differences between the male control cohort and male patients with premature coronary artery disease.
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	Haplogroup
	Control Cohort

N = 200
	Patients Cohort

N = 122
	p





	R
	122 (0.61)
	88 (0.72)
	0.04 *



	R1
	118 (0.59)
	88 (0.72)
	0.02 *



	R1B
	118 (0.59)
	88 (0.72)
	0.02 *



	R1A
	4 (0.02)
	0
	0.12



	I
	8 (0.04)
	7 (0.06)
	0.47



	J
	20 (0.10)
	8 (0.07)
	0.28



	E
	28 (0.14)
	10 (0.08)
	0.12



	G
	16 (0.08)
	3 (0.02)
	0.04 *



	Other
	6 (0.03)
	6 (0.05)
	0.38







* p < 0.05.
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Table 3. Clinical characteristics of patients presenting with premature ST-elevation myocardial infarction.
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	122 Male Patients with Premature STEMI





	Mean age at STEMI
	47.11 (±8.99)



	Cardiovascular risk factors
	



	Previous/current smoker
	95 (86.07%)



	High blood pressure
	34 (27.87%)



	Diabetes mellitus
	14 (11.48%)



	Dyslipidemia
	45 (36.89%)



	Family history of premature CAD
	30 (24.59%)







STEMI: ST-elevation myocardial infarction; CAD: coronary artery disease.
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Table 4. Y chromosome haplogroup prevalence in patients with premature cardiovascular disease, depending on the presence/absence of cardiovascular risk factors.
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	Y Chromosome Haplogroups
	No DM

(108)
	DM

(14)
	No HTN

(88)
	HTN

(34)
	No DL

(77)
	DL

(45)
	Non-Smokers

(26)
	Smokers

(96)
	No FH of PCAD (92)
	FH of PCAD

(30)





	R
	73.2%
	64.3%
	70.5%
	76.5%
	74%
	68.9%
	76.9%
	70.8%
	71.7%
	73.3%



	E
	9.3%
	-
	10.2%
	2.9%
	7.8%
	8.9%
	11.5%
	7.3%
	9.8%
	3.3%



	J
	5.6%
	14.3%
	5.7%
	8.8%
	6.5%
	6.7%
	3.9%
	7.3%
	6.5%
	6,7%



	G
	2.8%
	-
	3.4%
	-
	3.9%
	-
	3.9%
	2.1%
	1.1%
	6.7% *



	I
	6.5%
	-
	6.8%
	2.9%
	5.2%
	6.7%
	3.9%
	6.3%
	6.5% *
	3.3%



	Other
	2.8%
	21.4% *
	3.4%
	8.8%
	2.6%
	8.9%
	
	6.3%
	4.4%
	6.7%







DM: diabetes mellitus; HTN: high blood pressure; DL: dyslipidemia; FH: family history; PCAD: premature coronary artery disease. * p < 0.05.
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Table 5. Mean cholesterol value levels in each Y chromosome haplogroup.
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	Mean Values

(mg/dL)
	R

(n = 88)
	E

(n = 10)
	J

(n = 8)
	G

(n = 3)
	I

(n = 7)
	Other

(n = 6)





	HDL cholesterol
	37.6
	42.7
	39
	34
	39.57
	33.33



	LDL cholesterol
	114.97
	120.7
	111.63
	110
	134.7
	112.17



	Triglycerides
	173.30
	157.2
	152,88
	140.67
	191.86
	242.5
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