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Abstract: Human arteries show structural and functional peculiarities according to the nutrient
and oxygen needs of a specific vascular district. This architectural heterogeneity is reflected in the
pathological setting of cardiovascular diseases (CVDs). Indeed, the responsiveness to cardiovascular
risk factors, and the morphological and molecular patterns are discriminating factors among CVDs
affecting different vascular beds. MicroRNAs (miRNAs) are endogenous regulators of gene expression
and fine-tuners of vascular cell differentiation; thus, these non-coding RNAs can modulate arterial
heterogeneity. The identification of an artery-specific miRNA signature would be promising in
the therapy of CVDs, especially in patients who are frail and elderly. In the present review, we
will provide a concise description of the arterial tree heterogeneity on a structural and cellular
basis, mainly in the pathological context. Secondly, we will address the miRNA potential as crucial
mediators of arterial heterogeneity, focusing on the abdominal aorta and femoral artery, with the final
goal of strengthening the search for more targeted therapies in CVDs and stratification approaches in
patients who are frail and elderly.
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1. Introduction

Arteries constitute a critical part of the cardiovascular system, being the blood vessels
that supply the whole body with oxygen and nutrients. Structural and functional features
characterize the vascular beds of different anatomical locations within the arterial network.
This arterial heterogeneity exerts a significant influence on cardiovascular diseases (CVDs),
prompting the search for therapies and surgical options specific to the injured vascular bed.

In the present review, we will discuss arterial tree heterogeneity on a structural and
cellular basis, focusing on the differences in atherosclerotic plaques among different ar-
teries. Secondly, the role of microRNA (miRNAs) as potential epigenetic regulators of
arterial heterogeneity and differentiation will be proposed, with particular emphasis on the
abdominal aorta and femoral artery.

2. The Heterogeneity of the Arterial Tree: Structural and Cellular Basis

The cardiovascular system consists of the heart and blood vessels, such as the arteries,
veins, and capillaries. Arteries nourish tissue and organs by delivering blood with oxygen
and nutrients from the heart to the whole body and are classified into elastic, muscular,
and arterioles according to their size and structure. The complexity and heterogeneity
of the vascular beds within the arterial tree depend on the different local demands for
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oxygen and nutrients. The aorta and carotid artery belong to the category of elastic arteries
that collect blood from the heart, characterized by a large content of elastic fibers in the
tunica media. These fibers allow the vessel to stretch during systole and contract during
diastole, facilitating blood distribution within the cardiovascular system [1]. Muscular
arteries include the brachial, radial, and femoral arteries. They are medium-sized, collect
and deliver blood from elastic arteries to organs, and are equipped with strong connective
tissue and less elastic fibers than elastic arteries [1]. Arterioles lead blood into the capillaries,
are smaller in size and wall thickness, have a prominent elastic internal membrane, and
regulate pressure and blood flow [2]. Their vascular heterogeneity also stems from their vas-
cular cell features and transcriptome. Endothelial cells (ECs) represent the inner cell layer
within blood vessels and regulate a broad range of processes, including vascular home-
ostasis, blood flow regulation, blood cell luminal adherence, and vascular permeability.
Despite a shared structure and gene signature, phenotypic and functional heterogene-
ity emerge in the endothelia from different vascular beds, mirroring differential antigen
and transcriptional patterns. Endothelium heterogeneity can be related to embryological
origin [3–5], the microenvironment [5,6], epigenetics [5,7], site-specific demands, and artery
size. In vivo [8–10] and in vitro [11] studies support the anatomical differences among ECs.
Site-specific transcriptional signatures were observed in bovine endothelial cells derived
from their glomerular and aortic endothelia [8]. A microarray analysis also demonstrated a
different transcriptome existing between porcine endothelial cells from their coronary and
iliac arteries [9]. Differences in terms of growth rate and biochemical properties were also
found in ECs isolated from human cerebral and peripheral muscular arteries [11].

Smooth muscle cells (SMCs) are located within the media layer of the arterial wall,
regulate the luminal diameter via contraction and relaxation to adapt to the blood flow
and to maintain blood pressure, and synthesize many components of the extracellular
matrix (ECM). SMCs display a significant plasticity, by switching from a quiescent con-
tractile phenotype to a synthetic proliferative one [12,13]. Beyond phenotypic plasticity,
SMC populations arising from different progenitors can be found within the arterial tree,
contributing to vascular heterogeneity [13,14]. SMC heterogeneity was also observed in
different areas of the same vessel, as documented by the different expressions of desmin
and connexin 43 in the SMCs of the internal thoracic artery [15,16].

Vascular stem cells critically affect arterial differentiation concerning structural/
functional heterogeneity and disease-pathogenic features. A broad range of evidence
supports the existence of a vasculogenic niche, which is an adventitial reservoir of stem
cells arising from bone marrow, circulation, and large and small blood vessels [17]. A
noteworthy contribution is exerted by the adventitial mesenchymal stromal cells (MSCs),
multipotent stem cells with the potential to differentiate into the adipogenic, osteogenic,
chondrogenic, and leyomiogenic lineages [18,19]. Functional peculiarities regarding the
differentiation potential among MSCs located in different anatomical sites of the arterial tree
also exist, as elucidated by comparative studies by our group. Thoracic aorta hMSCs were
shown to be more osteogenic than femoral artery ones, whereas the latter displayed a higher
propensity to differentiate into the adipogenic lineage according to higher lipid droplet
production and peroxisome proliferator-activated receptor (PPAR)-γ expression [20]. The
chondrogenic potential was more pronounced in hMSCs from the brachiocephalic artery
and thoracic aorta than in the hMSCs of the femoral artery [21].

A graphical scheme illustrating the main levels and contributing factors involved in
arterial tree heterogeneity is displayed in Figure 1.

This functional heterogeneity mirrors the different pathological patterns and progres-
sions of CVDs, supporting the higher prevalence of obstructive diseases in femoral vascular
beds and the common occurrence of calcified plaques within carotid and thoracic segments,
where the degree of osteo-chondrogenic differentiation is higher [21].

The identification of an artery-specific genetic signature represents the key point in
cardiovascular research in light of more effective therapies and surgical options for CVDs.
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Figure 1. Arterial tree heterogeneity. The two main levels of arterial tree heterogeneity are the an-
atomical and the cellular ones. The microenvironment, epigenetic regulation, and the different 
oxygen and nutrient needs according to the anatomical site shape the heterogeneity among dif-
ferent arterial beds. 
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3. The Arterial Heterogeneity in Atherosclerosis 
Atherosclerosis is the main cause of CVDs, including myocardial infarction, stroke, 

and heart failure. This chronic and inflammatory affection determines the accumulation 
of lipids, inflammatory cells, and SMCs, leading to the intimal and medial thickening of 
medium-sized arteries, progressively reducing the vascular lumen [22]. Smoking, a li-
pid-rich diet, hypertension, obesity, and high glucose levels are the most common risk 
factors in atherosclerosis; however, they do not affect all the arterial segments in the same 
manner. Differences in atherosclerotic plaque pathogenesis, morphology, and progres-
sion exist along the arterial tree. Further, not all arterial segments are vulnerable athero-
sclerotic sites, like the internal mammary artery. The study of atherosclerosis and CVD 
heterogeneity within the arterial tree would be pivotal for improvements in the clinical 
and therapeutic options. 

Endothelial dysfunction is the initiating event of atherosclerosis, allowing for the 
recruitment of monocytes, the infiltration of low-density lipoproteins (LDLs) within the 
intima, and their oxidation. Inflammation, SMC proliferation, and the activation of ma-
trix-degrading enzymes sharpen the pathological setting. Under these conditions, sec-
ondary mechanisms may occur, like ectopic calcification, which is calcium deposition in 
the vascular wall associated with plaque instability, rupture, and an increase in mortality 

Figure 1. Arterial tree heterogeneity. The two main levels of arterial tree heterogeneity are the
anatomical and the cellular ones. The microenvironment, epigenetic regulation, and the different
oxygen and nutrient needs according to the anatomical site shape the heterogeneity among different
arterial beds.

3. The Arterial Heterogeneity in Atherosclerosis

Atherosclerosis is the main cause of CVDs, including myocardial infarction, stroke,
and heart failure. This chronic and inflammatory affection determines the accumulation
of lipids, inflammatory cells, and SMCs, leading to the intimal and medial thickening of
medium-sized arteries, progressively reducing the vascular lumen [22]. Smoking, a lipid-
rich diet, hypertension, obesity, and high glucose levels are the most common risk factors
in atherosclerosis; however, they do not affect all the arterial segments in the same manner.
Differences in atherosclerotic plaque pathogenesis, morphology, and progression exist along
the arterial tree. Further, not all arterial segments are vulnerable atherosclerotic sites, like
the internal mammary artery. The study of atherosclerosis and CVD heterogeneity within
the arterial tree would be pivotal for improvements in the clinical and therapeutic options.

Endothelial dysfunction is the initiating event of atherosclerosis, allowing for the
recruitment of monocytes, the infiltration of low-density lipoproteins (LDLs) within the
intima, and their oxidation. Inflammation, SMC proliferation, and the activation of matrix-
degrading enzymes sharpen the pathological setting. Under these conditions, secondary
mechanisms may occur, like ectopic calcification, which is calcium deposition in the vascular
wall associated with plaque instability, rupture, and an increase in mortality risk [23].
A broad range of evidence supports an anatomical specificity for atherosclerosis and
heterogeneity in the morphological and pathogenic mechanisms due to differences in crucial
factors like hemodynamic, wall architecture, and vascular cell characteristics (i.e., SMC
developmental origin) among different arteries [24,25]. Morphological and hemodynamic
differences can be seen in carotid and coronary plaques; indeed, carotid plaques exhibit
thicker fibrous caps, a higher prevalence of intraplaque hemorrhage, and calcification
compared to coronary plaques [26].

A morphological study based on the American Heart Association (AHA) grading,
calcification, and lipid content highlighted differences between the plaques of carotid and
femoral arteries. Carotid plaques were mainly characterized by a fibrous cap atheroma,
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whereas fibrocalcific plaques were mainly observed in femoral arteries; further, femoral
plaques displayed higher calcium and lower cholesterol contents than carotid plaques [24].
The relevance of vascular cell heterogeneity has been elucidated in a histological and
transcriptomic study assessing healthy and atherosclerotic plaques from different vascu-
lar beds. In this study, femoral plaques resulted in the most calcified arteries and the
transcriptomic profile of SMCs was consistent with a prominent mineralization activity,
whereas SMCs from other arterial segments, like abdominal and thoracic aortas, were less
prone to calcification [27]. As introduced above, developmental origin and epigenetics
are some of the mechanisms proposed to be responsible for vascular cell heterogeneity.
Epigenetics refers to the modulation of gene expression through histone modifications,
DNA methylation, and noncoding RNAs (ncRNAs), without involving DNA structure [28].
ncRNAs include microRNAs (miRNAs), a class of small non-coding endogenous RNAs
(10–22 nucleotides) that regulate the expression of different genes involved in many bio-
logical processes. The first miRNA was discovered in 1993 by Victor Ambros, Rosalind
Lee, and Rhonda Feinbaum while studying the gene lin-4, which controls the timing of C.
elegans larval development [29]. Considering the key regulatory role of miRNAs in vascular
cell phenotype and function, it could be reasonable to hypothesize a miRNA-based molecu-
lar signature of arterial beds useful for deepening atherosclerosis and CVD pathogenesis
differentiation and for developing more targeted and effective preventive/therapeutic
interventions. In the management of CVDs, the identification of patients who are frail
and at higher mortality risk should be included. Frailty refers to an age-related clinical
syndrome with multiple organ affections including CVDs, and higher vulnerability to
negative health outcomes [30,31]. Age is a well-known risk factor, but genetic, epigenetic,
and environmental stressors are also potent stressors in frail conditions. However, frailty
has not been fully defined yet and the identification of biomarkers able to screen patients
who are frail would be promising in CVD management.

4. microRNAs (miRNAs)
4.1. miRNAs as Endogenous Regulators of Vascular Biology and Vascular Heterogeneity

miRNAs regulate specific cellular processes through the inhibition of the expression of
their gene targets by inducing messenger RNA (mRNA) degradation or inhibiting mRNA
translation, resulting in the inhibition of protein synthesis [32].

The canonical biogenesis of miRNAs begins from their precursors, called primary
miRNA transcripts (pri-miRNAs), in the nucleus, where they are cleaved by the ribonu-
clease DROSHA into shorter temporary miRNAs (pre-miRNAs). Pre-miRNAs are then
transported from the nucleus to the cytoplasm and processed by another ribonuclease,
DICER, into short double-stranded immature miRNAs. Subsequently, one strand is de-
graded by the component 3 promoter of the RNA-induced silencing complex (C3PO),
whereas the guide strand is loaded into the RNA-induced silencing complex (RISC). Here,
miRNAs can bind to their mRNA targets and inhibit their expression through the endonu-
clease cleavage activity of the protein Argonaute 2 (AGO2) [33] (Figure 2).

miRNAs contribute to the regulation of both coding and non-coding RNA transcrip-
tomes in the nucleus by blocking or promoting pri-miRNA maturation and by regulating
long non-coding RNAs levels. Moreover, in the nucleus, miRNAs induce the remodeling of
chromatin structures; regulate alternative splicing; and in turn, regulate itself. miRNAs
can also mediate transcriptional gene activation or transcriptional gene silencing. Other
nuclear miRNAs co-localize with ribosomal RNAs (rRNAs) in the nucleolus, where they
are stored, or in the cytoplasm, where they influence the abundance of rRNAs and/or
regulate ribosome interaction with accessory proteins. All these miRNA activities have
recently been reviewed [34].



Biomolecules 2024, 14, 343 5 of 10Biomolecules 2024, 14, 343 5 of 11 
 

 
Figure 2. The canonical biogenesis and effects of miRNA in vascular cells. (A) miRNAs are synthe-
sized in the nucleus by RNA polymerase II into pri-miRNA transcripts, which in turn are cleaved 
by RNase III enzyme Drosha into the pre-miRNA precursor. After, pre-miRNA translocates to the 
cytoplasm where the complex with RNase III Dicer processes the precursor into the mature miR-
NA. The mature miRNA binds to the target mRNA in correspondence with the complementary 
sites and regulates gene expression by degrading mRNA or by suppressing the translation process. 
(B) In vascular cells, miRNAs orchestrate a broad range of biological processes associated with 
vascular homeostasis and pathology: cell proliferation, differentiation, migration, metabolism, an-
giogenesis, and inflammation. 
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the pathogenesis of many diseases (Figure 2). 

Fish et al. observed that miR-126 is highly expressed in endothelial cells and it is 
important for angiogenesis and for the maintenance of vascular integrity in vivo as it 
stimulates vascular endothelial growth factor (VEGF) signaling by directly inhibiting 
SPRED1 and PIK3R2, which are negative regulators of VEGF signaling [44]. Moreover, 
miR-23 and miR-27 are positive regulators of angiogenesis in vivo, inhibiting Sprouty2 
and semaphoring 6A (SEMA6A), which negatively regulate Mapk and Vegf2 signaling 
[45,46]. In endothelial cells, miR-210 overexpression led to the upregulation of the 
NOTCH1 pathway, which is responsible for the enhanced blood vessel formation of the 
endothelium [47]. In vascular SMCs, one of the most expressed miRNA is miR-15b/16, 

Figure 2. The canonical biogenesis and effects of miRNA in vascular cells. (A) miRNAs are synthe-
sized in the nucleus by RNA polymerase II into pri-miRNA transcripts, which in turn are cleaved
by RNase III enzyme Drosha into the pre-miRNA precursor. After, pre-miRNA translocates to the
cytoplasm where the complex with RNase III Dicer processes the precursor into the mature miRNA.
The mature miRNA binds to the target mRNA in correspondence with the complementary sites and
regulates gene expression by degrading mRNA or by suppressing the translation process. (B) In
vascular cells, miRNAs orchestrate a broad range of biological processes associated with vascular
homeostasis and pathology: cell proliferation, differentiation, migration, metabolism, angiogenesis,
and inflammation.

A large number of miRNAs are involved in different biological and pathological processes
such as cell proliferation, differentiation, and migration [35,36]; inflammation [37,38]; nervous
system diseases [39–41]; cancer [42]; and diabetes [43].

In the cardiovascular system, miRNAs regulate the development process as well as
the pathogenesis of many diseases (Figure 2).

Fish et al. observed that miR-126 is highly expressed in endothelial cells and it is impor-
tant for angiogenesis and for the maintenance of vascular integrity in vivo as it stimulates
vascular endothelial growth factor (VEGF) signaling by directly inhibiting SPRED1 and
PIK3R2, which are negative regulators of VEGF signaling [44]. Moreover, miR-23 and miR-
27 are positive regulators of angiogenesis in vivo, inhibiting Sprouty2 and semaphoring
6A (SEMA6A), which negatively regulate Mapk and Vegf2 signaling [45,46]. In endothelial
cells, miR-210 overexpression led to the upregulation of the NOTCH1 pathway, which is
responsible for the enhanced blood vessel formation of the endothelium [47]. In vascular
SMCs, one of the most expressed miRNA is miR-15b/16, whose overexpression promotes
the contractility of VSMCs while mitigating their proliferation through the inhibition of
the oncoprotein Yes-associated protein (YAP) [48]. Also, it has been found that the levels
of miR-146 and miR-31 expression are higher in proliferative VSMCs and silencing these
miRNAs results in the inhibition of VMSCs’ proliferative and migratory abilities, thus
demonstrating that they have pro-proliferative and anti-apoptotic functions [49,50].

The dysregulation of miRNA expression can lead to several pathological processes,
including the pathogenesis of atherosclerosis [51]. The upregulation of mir-21, miR-92a,
and miR-was found in atherosclerotic plaques; in particular, miR-21 was higher in symp-
tomatic carotid plaques in comparison to asymptomatic ones [52]. Zhou et al. quantified
the serum expression levels of the miR-30-5p family in patients with atherosclerosis com-
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pared to a normal group, observing that the expression levels of miR-30-5p were higher in
the atherosclerosis group and supporting the miR-30a-5p association with cardiovascular
disease [53]. Moreover, a study on atherosclerotic plaques showed that miR-30a-5p and
miR-30d were downregulated in calcified carotid plaques, identifying them as potential
contributors to vascular calcification [54]. Indeed, in an in vitro study in human umbil-
ical vein endothelial cells (HUVECs), miR-30a-5p and miR-30d became downregulated
following osteogenic differentiation, and their over-expression during the osteogenic in-
duction assay revealed a decrease in mineralization activity, implying that these miRNAs
potentially exert a regulatory role in atherosclerotic calcification [55]. In addition, Han et al.
demonstrated that miR-223-3p expression increases in medial and atherosclerotic calci-
fied aortas while suppressing vascular calcification by targeting IL-6/STAT3 signaling [56].
Further mechanisms that involve miRNAs in vascular cell regulation are reported in a
recent systematic review [57]. The main findings reported in this section are summarized
in Table 1. miRNA fluctuations during the disease progression suggest that some miR-
NAs can be stage-specific, as elucidated in a microarray analysis of early and advanced
stages of atherosclerotic plaques [58]. In that study, the authors identified two significant
miRNA/mRNA signatures unique for early and advanced stages, finding correspondence
also in peripheral blood [58].

Table 1. miRNAs involved in the regulation of vascular tissue physiology and disease.

miRNA Roles in the Vascular System

miR-126 Regulation of angiogenic process and maintenance of vascular integrity by activating VEGF signaling [41]

miR-23, miR-27 Promotion of angiogenic process by inhibition of SPROUTY2 and SEMA6A [42,43]

miR-210 Induction of NOTCH1 pathway [44]

miR-15b/16 Promotion of VSMC contractile phenotype [45]

miR-146, miR-31 Control of proliferative and migratory abilities in VSMCs [46,47]

miR-30a-5p, miR-30d Regulation of End-MT, osteogenic differentiation, and vascular calcification by targeting SLUG [51]

miR-223-3p Inhibition of vascular calcification by targeting IL-6/STAT3 signaling [56]

miR-155-5p, miR-27a-5p Increased expression in atherosclerotic plaque of femoral arteries [54]

miR-183-5p, miR-488 Increase of proliferation and migration in VSMCs [59,60]

miR-378a Inhibition of proliferation and migration in VSMCs [61]

miR-217 Promotion of endothelial dysfunction [62]

miRNA: microRNA; VEGF: vascular endothelial growth factor; SEMA6A: semaphorin 6A; Notch-1: neurogenic
locus notch homolog protein 1; VSMC: vascular smooth muscle cells; End-MT: endothelial–mesenchymal transi-
tion; SLUG: snail family transcription repressor 2; IL-6: interleukin-6; STAT3: signal transducer and activator of
transcription 3.

The miRNA contribution to vascular disease dynamics is very complex and versatile;
deepening their role and mechanisms would pave the way for miRNAs to be used as
markers for diagnostic purposes and as a potential foundation for therapeutic strategies.

4.2. miRNAs and Vascular Heterogeneity: Focus on Femoral Artery and Abdominal Aorta

miRNAs are fine-tuners of cell biology and phenotype, suggesting their contribution
to vascular heterogeneity. So far, there are few studies addressing the diversity of miRNA
expression in normal tissues. However, the presence of many organ-specific miRNAs
has been observed in mice [63], but the possible differences among cells belonging to
the same tissue have not yet been elucidated. A recent profiling study focused also on
pri-miRNAs and highlighted that these primary miRNAs are cell-type specific but less
susceptible to pro-atherogenic stimuli; conversely, mature miRNAs were found to be shared
quite often among cells of endothelial, smooth muscle, and inflammatory (macrophage)
origin [64]. A comparative study identified three miRNAs (miR-20b, miR-99b, and let-7b)
that were differently expressed among ECs cultured from aorta, coronary artery, umbilical
vein, pulmonary, dermal, and brain microvasculature [65]. The literature is also poor
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regarding comparative studies based on miRNA expression profiles in different arterial
districts under pathological conditions. A systematic review found both a common and a
site-specific profile of circulating miRNAs in individuals with and without atherosclerosis
of large or medium size [66]. Some miRNAs displayed opposite expression trends, like
miR-126, which was upregulated in renal artery stenosis and downregulated in carotid
and lower limb plaques [66]. Conversely, miR-221-3p/miR-30 downregulation and miR-21
upregulation were found in both carotid and lower limbs arteries, whereas miR-145 was
downregulated in carotid and coronary arteries [67].

The recent knowledge acquired on miRNA genome regulation further supports the
hypothesis of their central contribution to arterial structure differences and atheroscle-
rosis development. In this regard, Collura et al. [68] showed that miR profiling in non-
pathological femoral, abdominal, and carotid arteries presents high similarity between the
abdominal aorta and carotid arteries, while a major difference is observed between the
femoral artery and the other two arteries. Those authors identified that three miRNAs
were significantly altered compared with normal arteries, i.e., miR-27a-5p, -139-5p, and
-155-5p. In particular, miR-155-5p and miR-27a-5p turned out to be more highly expressed
in normal aorta/carotids than femoral arteries, while miR-139-5p showed an opposite
trend, suggesting a different epigenetic pattern in the normal arteries. These three miRNAs
also have relevance under pathological conditions. In fact, the same authors showed that
miR-155-5p and miR-27a-5p expression increases in femoral atheroma when compared
with the normal counterpart, thus becoming more like normal abdominal/carotid aorta
arteries. Furthermore, some targets of the identified miRNAs, such as CD44, E-cadherin,
and vimentin, were shown to be differently expressed under physiological and disease
conditions between femoral and abdominal/carotid arteries, also suggesting that in these
arteries, there is a different type of activation of the main molecular drivers of pathological
condition. This current topic is almost neglected and deserves additional research that
should focus on blood/vesicle-circulating miRNAs to investigate their effects on atheroma
development in femoral and abdominal aorta arteries. Interestingly, in obese animal mod-
els, extracellular vesicles with miR-221-3p derived from perivascular adipose tissue mediate
vascular remodeling and dysfunction in the femoral artery [69]. In this regard, further
studies are crucial to identifying both common and different epigenetic molecular patterns
to pave the way for future artery-specific therapeutic applications [70].

5. Conclusions

The complex nature of the arterial network is reflected in the physiological functional-
ity of vascular tissues and in the pathogenic mechanisms affecting vascular beds according
to their anatomical localization. An investigation of this heterogeneity, including the differ-
ent responsiveness to the main pathology risk factors and the several pathways activated
during disease occurrence, would be key to more effective and targeted therapies for the
management of CVDs. Among the pathogenic mechanisms, vascular stem cell differentia-
tion performs a pivotal role in CVD progression, contributing to the main morphological
features of CVDs from different arterial segments. The identification of a miRNA signature
that can be associated with the differentiation process and is specific for each vascular
district would open novel research directions for the future of artery-specific approaches.
In this future perspective, blood-circulating miRNAs can be employed as diagnostic tools
for risk stratification also in the elderly population [71] to identify patients at greater risk of
cardiovascular mortality.
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