Journal of Proteomics Xxx (XXXX) XXX—XXX

Contents lists available at ScienceDirect

" PROTEOMICS
Journal of Proteomics

EuPA

journal homepage: www.elsevier.com/locate/jprot

Reprint of: Proteomics in cardiovascular diseases: Unveiling sex and gender
differences in the era of precision medicine

Roberta Baetta’, Marta Pontremoli®, Alma Martinez Fernandez®, Corinne M. Spickett”,

Cristina Banfi™"

@ Centro Cardiologico Monzino, IRCCS, Milano, Italy
b School of Life & Health Sciences, Aston University, Birmingham, UK

ARTICLE INFO ABSTRACT

Cardiovascular diseases (CVDs) represent the most important cause of mortality in women and in men. Contrary
to the long-standing notion that the effects of the major risk factors on CVD outcomes are the same in both sexes,
recent evidence recognizes new, potentially independent, sex/gender-related risk factors for CVDs, and sex/
gender-differences in the clinical presentation of CVDs have been demonstrated. Furthermore, some therapeutic
options may not be equally effective and safe in men and women. In this context, proteomics offers an extremely
useful and versatile analytical platform for biomedical researches that expand from the screening of early di-
agnostic and prognostic biomarkers to the investigation of the molecular mechanisms underlying CDVs. In this
review, we summarized the current applications of proteomics in the cardiovascular field, with emphasis on sex
and gender-related differences in CVDs.

Significance: Increasing evidence supports the profound effect of sex and gender on cardiovascular physio-pa-
thology and the response to drugs. A clear understanding of the mechanisms underlying sexual dimorphisms in
CVDs would not only improve our knowledge of the etiology of these diseases, but could also inform health
policy makers and guideline committees in tailoring specific interventions for the prevention, treatment and
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management of CVDs in both men and women.

1. Introduction

Cardiovascular diseases (CVDs) are the world's leading cause of
morbidity and mortality, accounting for > 17 million deaths annually
[1], and cause immense health and economic burdens [2,3]. In line
with the recommendations of the World Health Organization (WHO),
the principal health organizations in the field of heart diseases and
stroke (such as the American Heart Association and the European So-
ciety of Cardiology), formulated recommendations to drive organiza-
tional priorities and guide actions to prevent CVDs in clinical practice
[4,5]. In accordance with the strategic view of these recommendations,
to achieve the goal of significantly reducing deaths attributable to CVDs
continued emphasis is needed on the treatment and control of health
behaviors and risk factors at both the population and the individual
level [2,5]. In the era of precision medicine, the key challenge is to
bridge the gaps in our knowledge about sex- and gender-related dif-
ferences in the pathophysiology of the cardiovascular system, since
increasing evidence supports the notion that an individual's sex is one of
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the most important modulators of disease risk and response to treat-
ment [6-8].

Indeed, a large amount of correlative data unveils the existence of
sexual diversities in human physiology and differential susceptibility to
a wide variety of pathologies including CVDs [9,10]. Beyond environ-
mental and social differences between men and women (e.g., occupa-
tional hazards, lifestyle, social stresses, access to healthcare) that can
contribute to gender differences in CVDs, sex hormones have long been
found to account for some sex-related differences in CVDs, and some
molecular mechanisms mediating these effects have recently been
elucidated [8,10,11]. Moreover, sex chromosomes are beginning to be
recognized as important determinants of sexual dimorphism in the
development of CVDs, independent of sex hormones [8,10-12]. In this
Review, we consider the evidence for sex and gender differences in
CVDs and summarize the proteomic research that has been conducted
in this field.
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2. Sex-specific and gender-specific cardiovascular research

CVDs have long been considered as male diseases, an assumption
that stems largely from observations that CVDs in women develop later
in life than in men, and the misperception that CVDs among women are
not as severe as they are in men [13]. In line with this view, until re-
cently cardiovascular research was predominantly conducted in men
and it was assumed that clinical approaches based on research findings
involving men were equally relevant for women [13]. However, a
growing body of evidence has progressively revealed the importance of
CVDs in women and has fostered the awareness of sex- and gender-
related differences in the occurrence, management and outcomes of
CVDs [13]. Marked progress has been made in the involvement of
women in large-scale population studies and clinical trials. Never-
theless, several gaps in our understanding of sex- and gender-related
diversities in cardiovascular health still persist. Moreover, the use of
female animals, cells, or tissues, and sex-based reporting in preclinical
investigations have not been equally implemented [14], in spite of the
publication of a planned policy from the U.S. National Institutes of
Health (NIH) to balance sex in cell and animal studies [15]. In this
regard, it is important to highlight the value of preclinical studies for
understanding the molecular bases of sex differences, since such stu-
dies: 1) enable scientists to take full advantage of the power of mole-
cular genetics and ‘omics technologies; 2) allow the control of variables
such as diet, environment, exercise; and 3) offer the opportunity to
quantify the extent of sex or gender contribution to the biological
outcome, since in experimental animals gender has limited impact [9].

3. Sex and gender differences in CVD risk factors

Most of the traditional risk factors for CVDs, including elevated
blood pressure, dyslipidemia, excess body weight and obesity, diabetes,
and cigarette smoking, are similar between men and women, but for
some of them the impact differs between the sexes; furthermore, recent
evidence has emerged that recognizes new, potentially independent
female-specific risk factors (Fig. 1) [8,16].

3.1. Major risk factors affecting both men and women

3.1.1. Elevated systolic blood pressure

Elevated systolic blood pressure (SBP) is one of the leading risk
factors for global mortality and for CVDs. In 2015, the prevalence of
raised blood pressure was around 20% in females aged 18 and over and
around 24% in males [17]. Studies have reported conflicting results on
whether the association between increments in SBP and CVDs differs
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between sexes [16]. A pooled analysis carried out in 2013, including
data from prospective cohort studies on > 1.2 million individuals and
over 50,000 cardiovascular events, found that every 10 mm Hg incre-
ment in SBP was associated with a 15% increased risk of coronary heart
disease (CHD) and a 25% increased risk of stroke in both men and
women, indicating a similar impact of hypertension on cardiovascular
outcomes in both sexes [18]. In contrast, results of a recent meta-re-
gression analysis of US population-based studies indicate that women
experienced a 10% greater risk in CVDs per 10 mm Hg increment in SBP
than men, after adjusting for age and baseline SBP [19].

3.1.2. Dyslipidemia

Raised total cholesterol (TC) is estimated to account for over 2.6
million deaths (4.5% of total) worldwide every year [20]. The pre-
valence of elevated TC is similar in men and women [20] and studies
addressing the possible sex/gender-specific effects of TC on CVD risk
have reported inconsistent results [21]. The first systematic meta-ana-
lysis evaluating the impact of TC on CVD risk in women compared with
men included data from over one million individuals and > 20,000
CHD and 16,000 stroke events [21]. This analysis found that for every
1-mmol/L increment in TC, the risk of CHD increased by 20% in women
and by 24% in men, indicating essentially a similar TC-related risk of
CHD in both sexes [21].

In population studies, high-density lipoprotein cholesterol (HDL-C)
is inversely related to the risk of myocardial infarction and death [22].
Low HDL was initially suggested to be more predictive of coronary risk
in women compared to men [23]; however, analyses of > 300,000
people from 68 long-term prospective studies contributing to the
Emerging Risk Factors Collaboration (ERFC) analysis on the associa-
tions of major lipids and apolipoproteins with the risk of vascular dis-
ease indicated that, after adjustment for other cardiovascular risk fac-
tors, the association between HDL cholesterol levels and fatal CHD did
not vary significantly by sex: each 1-SD increase in HDL-C lowered the
risk of CHD mortality by 26% in women and by 21% in men [24].

3.1.3. Diabetes mellitus

Diabetes mellitus (DM) is an important predictor of a person's risk of
vascular disease [25]. It is one of the largest global health emergencies
of the 21st century, with an estimated global prevalence of over 400
million and a projected increase to 642 million by 2040, which poses an
enormous burden on healthcare [26]. Although there is little gender
difference in the global number of people with diabetes [26], compel-
ling evidence indicates that women, compared to men, have a sig-
nificant and clinically important higher excess risk of both CHD and
stroke consequent to diabetes (44% and 27%, respectively) [27-29].
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Fig. 1. Women-specific CVD risk factors. Women-specific conditions to consider in risk evaluation, diagnosis and treatment of CVDs include hypertensive disorders of
pregnancy, gestational diabetes mellitus, preterm delivery, menopause, systemic autoimmune disease, breast cancer treatments, and depression.
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