
International Journal of Cardiology 286 (2019) 190–197

Contents lists available at ScienceDirect

International Journal of Cardiology

j ourna l homepage: www.e lsev ie r .com/ locate / i j ca rd
Women-specific predictors of cardiovascular
disease risk - new paradigms
Silvia Maffei a,⁎, Letizia Guiducci b, Lucia Cugusi c, Christian Cadeddu c, Martino Deidda c, Sabina Gallina d,
Susanna Sciomer e, Amalia Gastaldelli f, Juan-Carlos Kaski g, on behalf of the
Working Group on "Gender difference in cardiovascular disease" of the Italian Society of Cardiology
a Department of Gynecological and Cardiovascular Endocrinology, CNR-Tuscany Region, G. Monasterio Foundation, Pisa, Italy
b Biochemistry and Molecular Biology Laboratory, Clinical Physiology Institute, CNR, Pisa, Italy
c Department of Medical Sciences and Public Health, University of Cagliari, Cagliari, Italy
d Department of Neuroscience, Imaging and Clinical Science University “G. D'Annunzio”, Chieti-Pescara, Italy
e Department of “Scienze cardiovascolari, respiratory, nefrologiche, anestesiologiche e geriatriche” Sapienza, University of Rome, Roma, Italy
f Cardiometabolic Risk Unit, Clinical Physiology Institute, CNR, Pisa, Italy
g Molecular and Clinical Sciences Research Institute, St. George's, University of London, London, United Kingdom
⁎ Corresponding author.
E-mail address: silvia.maffei@ftgm.it (S. Maffei).

https://doi.org/10.1016/j.ijcard.2019.02.005
0167-5273/© 2019 Published by Elsevier B.V.
a b s t r a c t
a r t i c l e i n f o
Article history:
Received 23 October 2018
Received in revised form 19 December 2018
Accepted 4 February 2019
Available online 15 February 2019
Cardiovascular disease (CVD) remains a leading cause ofmorbidity andmortality inwomen in spite of the overall
reduction in age-adjusted CVD mortality in the past few years. Although traditional risk factors for CVD are pre-
dictors of increased risk in both men and women, risk factors that are unique to women and related to their re-
productive history have recently been considered to be important. The development of CVD in women may
correlate with specific events taking place throughout a woman's obstetric and gynaecological history.
Gynaecological conditions such as polycystic ovary syndrome, premature ovarian failure, surgical and spontane-
ousmenopause, and conditions related to pregnancy, i.e. gestational diabetes, preeclampsia, intrauterine growth
restriction, miscarriages, and preterm birth, may affect the onset, clinical features, and prognosis of CVD later in
women's lives. These pathological conditions that develop during the fertile period of life or peri-menopause
have been suggested to be early markers of future CVD; their presence presents a unique opportunity for the
early identification of women who may be at an increased risk of CVD. The assessment of CV risk in women
should not just focus on conventional risk factors but also on different aspects of the gynaecological history to
allow specific preventive and therapeutic strategies to be established.
This paper reviews the various pathological conditions occurring in women during their fertile period of life and
peri-menopause, which have been identified to potentially increase CVD risk.

© 2019 Published by Elsevier B.V.
1. Introduction

Cardiovascular disease (CVD) is the leading cause of death inwomen
in Europe; its incidence is much higher than any other cause of death,
including breast cancer [1]. CVD and osteoporosis represent the two
main pathologic conditions affecting postmenopausal women [2].

CVD prevalence in women after age 75 exceeds that reported for
men. In addition, short- to medium-term mortality after acute myocar-
dial infarction (AMI) is higher inwomen than inmen [3] and the impact
of classical CV risk factors is also likely to differ in men and women [4].
Recent studies have highlighted the need for a new, sex-tailored ap-
proach when evaluating predisposing factors and mechanisms leading
to CVD inwomen, as there are differences in the pathogenesis and path-
ophysiology of CVD in men and women [5].

Several knowledge gaps have been identified regarding the patho-
genesis and pathophysiological mechanisms of CVD in women, and
there is a lack of availability of suitable diagnostic, prognostic, and
therapeutic strategies in women. These gaps in knowledge are mainly
derived from the fact that most of the studies dealing with these vari-
ables have been conducted with predominantly male subjects. More-
over, the erroneous perception among many physicians and the public
in general that the risk of developing CVD is lower in women than in
men has important negative clinical, social, and financial consequences
[6,7]. Lack of awareness of their high CVD risk and the importance of
both conventional and newer sex-specific risk factors is likely to be
the worst “enemy” of a woman's health [8].

The importance of risk factors uniquely related to women's
gynaecological history has only been realised recently [9] (Table 1).
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Table 1
Women-specific risk factors for Cardiovascular Disease.

• Polycystic ovaries (PCOS)
• Premature ovarian failure (POF)
• Menopause
• Surgical menopause
• Complications of pregnancy

Gestational diabetes mellitus
Preeclampsia
Preterm birth
Small for gestational age pregnancies (SGA)
Miscarriage
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Gynaecological conditions such as polycystic ovary syndrome (PCOS),
premature ovarian failure (POF), surgical and natural menopause and
obstetric conditions, such as complications of pregnancy, i.e. gestational
diabetes (GD), preeclampsia, intrauterine growth restriction (IUGR),
miscarriage, and preterm birth (PTB), may affect the onset, clinical fea-
tures, and prognosis of CVD later in life. Data in recent years have sug-
gested that these relatively frequent conditions taking place during
the fertile years and around menopause represent early markers of fu-
ture CVD and provide a unique opportunity for healthcare professionals
to attempt early identification of womenwhomay be at risk of develop-
ing CVD [8].
2. Women-specific risk factors for cardiovascular disease

2.1. Polycystic ovary syndrome

PCOS is one of the most common disorders occurring in the child-
bearing years. It is a complex syndrome consisting of enlarged and
micro-polycystic ovaries and clinical features characterised by both
endocrinological and metabolic alterations involving both the
hypothalamic-hypophysis-ovary-adrenal axis and adipose tissue. The
syndrome is associated with psychosocial, reproductive, and metabolic
abnormalities [10]. The most prevalent clinical features are menstrual
irregularities, i.e. oligomenorrhea, amenorrhea,metrorrhagia, and infer-
tility. PCOS is also characterised by hyperandrogenism (60% of cases)
with hirsutism, acne, alopecia, and obesity (50% of cases). Some pheno-
types of PCOS are characterised by the presence of insulin resistance
(IR) with compensatory hyperinsulinaemia. Increased insulin circulat-
ing levels contribute further to the development of hyperandrogenism,
inducing a vicious cycle that promotes disease progression [11].

In women affected by PCOS, IR and hyperandrogenism are associ-
ated with glucose intolerance and type 2 diabetes mellitus (T2DM).
Legro et al. reported that the risk of T2DM in these patients is 5-fold
higher than that in controls of the same age and weight [12]. PCOS is
an independent risk factor for diabetes and also for hypertension,
dyslipidaemia, obesity, and metabolic syndrome [13].

Pro-atherogenic dyslipidaemia, characterised by increased total cho-
lesterol, low-density lipoprotein, and triglycerides with low levels of
high-density lipoprotein, is present in PCOS togetherwith abnormalities
in fibrinolysis, hyperfibrinogenaemia, and arterial hypertension. N70%
of women with PCOS have dyslipidaemia and 40% have metabolic syn-
drome [14,15].

In patients with PCOS, the presence of visceral obesity influences the
production of pro-inflammatory cytokines, which in turn contribute to
the development of subclinical inflammation and increase free radical
production [16]. Collectively, all of these CV risk factors contribute in a
synergistic way to the activation of the endothelium with increased
intima-media carotid thickness [17] and the development of preclinical
atherosclerosis in young women [13].

Furthermore, a high bodymass index (BMI) inwomenwith PCOS in-
creased CVD risk 2-fold. However, PCOS is an independent risk factor for
coronary heart disease (CHD) and stroke and may exert a causal effect
on CVD [18].
In addition, PCOS is a common cause of infertility and spontaneous
abortion which are predictive of future CVD. The percentage of
women with PCOS who have miscarriages varies between 30 and 50%
compared with 10–15% of healthy women [19]. All these pathological
features promote coronary artery disease (CAD), stroke and CV mortal-
ity in women with PCOS in the peri-menopausal years [20]. Mazibrada
et al. showed an association between proinflammatory markers i.e. hs-
CRP and fibrinogen and anthropometric and lipid parameters in adoles-
centwomenwith PCOS. These inflammatorymarkersmight be useful to
monitor normal-weight adolescent women with PCOS to prevent unfa-
vorable changes in body mass and lipid profile [21].

2.2. Premature ovarian failure

POF, which affects 1% of women in the general population, is defined
as loss of ovarian function before 40 years of age [22]. POF leads to early
menopause and is associated with increased CVD events in predomi-
nantly white populations [23]. It has been reported that the earlier the
time of onset of menopause, the greater the risk of poor CVD clinical
outcomes [24].

POF has been shown to be associatedwith psychological distress, in-
fertility, osteoporosis, autoimmune disorders, ischaemic heart disease
(IHD), and increased risk for all-cause mortality [25]. The decrease in
oestrogen levels associated with POF can lead to atherosclerosis, hyper-
cholesterolaemia, and heart failure [26]. Identification of women with a
history of early menopause offers a window of opportunity to
implement interventions that may improve overall CV health during
the postmenopausal years [27]. In the “EarlyMenopause Predicts Future
Coronary Heart Disease and Stroke: The Multi-Ethnic Study of
Atherosclerosis (MESA)” [23], women with a history of early meno-
pause (n = 693) had worse CHD and impaired stroke-free survival.
Both CHD-free and stroke-free survival were significantly lower in
womenwith earlymenopause than in thosewomenwhowent through
menopause at a normal age. The risk for CHD and stroke also remained
statistically significant after model adjustment for age and race/ethnic-
ity, confirming that early menopause is independently and positively
associated with an increased risk of stroke and CAD independent even
of traditional CVD risk factors [23].

Other studies in Japan [28] and the Framingham cohort [29] have re-
ported a 2-fold increased risk of stroke in women with menopause at
ages b42 years as compared with women without early menopause. In
the Framingham study, this increased risk persisted even when the
sample was restricted to women who never smoked [30]. These data
have been confirmed by a meta-analysis showing that women who ex-
perienced premature or early-onset menopause had a greater risk of
CHD, CVD mortality and all-cause mortality [31].

It has also been demonstrated that cardiac autonomic function is im-
paired in patientswith POF even in the absence of overt cardiac involve-
ment and symptoms. Cardiac autonomic dysfunctionmay, therefore, be
involved in the etiopathogenesis of CVD in women with POF [32].

2.3. Menopause

Menopause is a well-known CVD risk factor. Since the protective ef-
fect of endogenous oestrogens is lost. Women develop CVD later in
comparison to men, mainly after menopause. The age of onset of men-
opause appears to influence the development of CVD and/or CVD risk
factors. Early menopause leads to a higher incidence of CVD than later
onset menopause [23,33]. Hormonal deficiency leads to abnormalities
in different organs and systems, including the central nervous system,
endothelium, bones and liver. During menopause, lipids shift towards
a “proatherogenic” profile with an increase in circulating total choles-
terol, LDL-cholesterol and triglycerides and a decrease in HDL-
cholesterol [34,35]. Moreover, menopause promotes a change in body
fat distribution, increasing visceral adiposity [36,37] and reduced insulin
sensitivity with a risk of developing diabetes [38] and advancing the
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development of metabolic syndrome. Menopause is an independent
CVD risk factor [39]. Post-menopausal women are exposed to increased
oxygen free radical production, which results in a pro-inflammatory
state that favours blood hypercoagulability, atherogenesis, endothelial
dysfunction, stroke [40] and hypertension [41,42]. The increase in pe-
ripheral resistance due to the vascular effects of oestrogen deficiency fa-
vours an increase in blood pressure [43,44] aswell as the administration
of oestradiol at physiological doses, improves blood pressure readings,
confirming the importance of oestrogen deficiency in the pathogenesis
of hypertension in the post-menopause

[43]. The contribution of oestrogen to the control of blood pressure
during the fertile years involves several mechanisms. Oestradiol im-
proves vascular compliance by inducing the synthesis of nitric oxide
(NO) via NO-synthase and the release of NO at the endothelial level
[44]. Oestrogen also inhibits themechanisms of vascular smoothmuscle
(VSM) contraction including reduced expression and permeability of
voltage-gated Ca2+ channels [Ca2+]i, reduced protein kinase C activity
and inhibited Rho-kinase expression/activity [45]. Oestrogen deficiency
during menopause reduces vascular compliance and studies have
shown a decrease in endothelium-mediated dilatation in peri-
menopause [42]. Moreover, oestradiol directly modulates blood pres-
sure affecting renin concentration and circulating natriuretic peptides
levels [46]. Other expressions of oestrogen deficiency are post-
menopausal vasomotor symptoms (hot flashes and night sweats). The
severity of vasomotor symptoms is associated with decreased vascular
response to endothelium-mediated dilatation, suggesting a decline in
endothelial function and reduced vascular compliance [47]. Moreover,
a higher frequency of hot flashes has been correlated with increased
awake and sleep systolic blood pressure, independent of the meno-
pausal status [43], and an increased risk of developing coronary events
over a period of 14 years, even after taking the effects of age,menopause
status, lifestyle and other chronic disease risk factors into account [48].
Therefore, the treatment of hot flashes may contribute to improving
women's CV health since the presence of hotflashes appears to be an in-
dependent CV risk factor [43].

In addition, cardio-metabolic risk during menopause may be af-
fected by a decrease in sex hormone binding globulin (SHBG) and an in-
crease in androgen levels (particularly free testosterone) [49–51]. Other
sex hormones may modify the vascular actions of oestrogen or have di-
rect effects on the vasculature. The relationship between circulating
levels of free E2, free testosterone and SHBG may be more predictive
of changes in carotid intimal thickening than the levels of any of these
hormones alone [51].

Environmental factors, i.e. work-related stress, and psychological
factors, such as anxiety and depression, often seen in women during
menopause, appear to be important CV risk factors [52,53]. According
to the National Health and Nutrition Examination Survey I study,
women with depression had a higher relative risk (RR) of developing
CAD than women without depression [54].

2.4. Surgical menopause

Surgical menopause has been shown to be associated with prema-
ture death, CVD, osteoporosis, cognitive impairment and dementia, par-
kinsonism, negative effects on psychological well-being and sexual
dysfunction [55,56].Women undergoing bilateral oophorectomy before
age 46 showed an increased risk of depression, hyperlipidaemia, cardiac
arrhythmias, CAD, arthritis, asthma, chronic obstructive pulmonary dis-
ease and osteoporosis. This significant increase in morbidity risk was
present even after adjustment for other conditions and several other
possible confounders such as ethnicity, education, BMI, smoking, age
and calendar year. Of importance, several of these associations were re-
duced in women who received oestrogen therapy [57].

Ameta-analysis by Atsma et al. [31] showed that bilateral oophorec-
tomy is an independent risk factor for CV disease with a RR of 4.55,
while early menopause was associated with a RR of 1.25 [31]. In the
presence of comorbidities, i.e. DM, surgical menopause may have
a synergistic effect on aging and well-being. Women with diabetes
who have had oophorectomy have IR, an atherogenic lipid profile,
hyperinsulinaemia, higher leptin and lower adiponectin concentrations
which my increase their predisposition to CVD [58].

The effect of sex hormones on cardiac autonomic function has been
evaluated in several studies. Mercuro et al. reported that oophorectomy
causes an imbalance of the autonomic nervous control of the CV system
characterised by a decrease in cardiac vagalmodulation and an increase
in sympathetic activity [59]. Both early and surgical menopause should
be considered to represent markers of future CVD and may provide a
unique opportunity for the early identification of womenwho are at in-
creased risk of developing CVD (Figs. 1 and 2).

3. Complications of pregnancy

Pregnancy contributes toweight gain andmetabolic syndrome. Nor-
mal pregnancy is associated with a shift of the coagulation and fibrino-
lytic systems towards hypercoagulability. Although these changes are
ultimately designed to minimize the risk of blood loss during delivery,
they increase the risk of thrombosis 3- to 4-fold in pregnant women.
Moreover, multiparity is also independently associated with higher
rates of metabolic syndrome [60]. Women with a history of five or
more births have a higher (2.27 times) prevalence of CVD [61]. Nullipa-
rous women have a lower prevalence of CVD than women who
have given birth (18.0% vs. 30.2%), and after adjustment for socio-
demographic and lifestyle variables, including age, race, education, in-
come, marital status, and smoking status, parous women with no com-
plicated births had a 1.95-fold (95% confidence interval [CI] 1.03–3.7)
higher CVD prevalence than nulliparous women [62].

Pregnancy poses a “metabolic stress test” to women. Failing such a
test may predict future CVD. Pregnancy can, therefore, be considered
to be an opportunity to identify, at an early stage, women who may be
at increased risk for CVD andwhomight benefit from early preventative
measures [63]. Recent studies have shown that somepregnancy compli-
cations such as gestational diabetes mellitus (GDM), gestosis and mis-
carriage, as well as conditions affecting the foetus, such as premature
gestational age and small for gestational age (SGA) represent real risk
factors for the development of the mother's future CVD [8,64].

3.1. Gestational diabetes mellitus

GDM significantly increases the risk for subsequent glucose intoler-
ance, T2DM (from2.6% to over 70%) [60] andmetabolic syndrome.Met-
abolic syndrome is more prevalent in women with a history of GDM
than in healthy controls [65]. Abdominal obesity, lower HDL concentra-
tions, elevated LDL-cholesterol and triglyceride levels, as well as ele-
vated C-reactive protein, are often present in women with GDM and
significantly enhance their risk of developing CVD [66]. Women with
GDM have a higher prevalence of CAD and/or stroke, which occur at a
younger age and are independent of T2DM [67]. Moreover, a recent
study showed that GDM is associated with angina pectoris, MI and hy-
pertension (seven years postpartum follow up), regardless of the devel-
opment of DM [68].

The prevalence of GDM in the Italian female population is approxi-
mately 5%. A study [69] involving 81,262 women without, and 8191
with GDM, with a mean age of 31 years and followed up for
11.5 years, showed that the risk of CVD in women with GDM was
1.71. After adjusting for T2DM, this ratio decreased to 1.13, proving
that young women with GDM actually have an increased risk of CVD
and this increase is mainly related to the subsequent development of
T2DM. N70%ofwomenwith GDMdevelop T2DMwithin 5 years of preg-
nancy [70]. Therefore, early monitoring of women with previous GDM
in relation to the increased risk of developing DM is crucial.

It has been hypothesised that the risk of CVD in women increases
linearly with the degree of hyperglycaemia. A study of 169 women



Fig. 1. Polycystic Ovary Syndrome (PCOS) and Premature Ovarian Failure (POF) and Menopause: Common pathological mechanisms of Cardiovascular Disease (CVD) risk Abbreviations:
Oestradiol, E2. Sex Hormones Binding Protein, SHBG. Type 2 Diabetes Mellitus, T2DM. Intima-Media Thickness, IMT.
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showed that GDM is positively and independently associated with in-
creased carotid intima-media thickness, compared to that in control
subjects [71].

Endothelial dysfunction of the foeto-placental unit underlies CV
damage in GDM and is associated with a more extensive systemic vas-
cular impairment caused by the reduced metabolism of adenosine and
by hyperinsulinaemia [72]. Furthermore, women with GDM appear to
have altered levels of catalase, free radicals, inflammatory cytokines
and increased expression of endothelial adhesion molecules. All of
these positively correlate with glucose intolerance and promote sub-
clinical inflammation and oxidative stress resulting in vascular dysfunc-
tion [73–75]. Moreover, microcirculatory damage was shown to
increase 3.3 times in women with previous GDM compared with
healthy controls [76]. Consensus exists that GDM and blood pressure
disorders are factors associated with CVD risk [77].
Fig. 2. Pregnancy Complications: peculiar risk factors of future Cardiovascular Disease Abb
Lipoprotein, HDL. Triglycerides, TG. C-reactive Protein, CRP. Type 2 Diabetes Mellitus, T2DM. C
3.2. Preeclampsia

In gestational women, preeclampsia is defined as systolic blood
pressure of at least 140 mmHg and/or diastolic blood pressure of at
least 90mmHg, confirmed by at least two repeat blood pressure record-
ings. The incidence of hypertensive disorders in pregnancy ranges be-
tween 6 and 8% [78]. Proteinuria is present from the 20th week of
gestation in women known to be normotensive before pregnancy.

According tomore restrictive statistics, the incidence ofmost serious
forms of preeclampsia is 3–5%. Marin et al. reported a 5-fold increased
risk in a 14-year follow-up in early gestational preeclampsia (before
the 30th week) and chronic pre-existing hypertension [79].

Furthermore, women with preeclampsia have a 11.6 times higher
risk of developing arterial hypertension than healthy women [80].
Among pregnancy complications, preeclampsia seems to be the best
reviations: Intima-Media Thickness, IMT. Low-Density Lipoprotein, LDL. High-Density
oronary Artery Disease, CAD.
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predictor of later CVD because it correlates with a greater number of CV
risk factors [81]. In McDonald's meta-analysis [82], the average risk of
developing heart disease in women with preeclampsia was 2.2 com-
pared with that in controls and risk increases with the severity of pre-
eclampsia. The timing of onset of preeclampsia is also of importance.
Women with early-onset preeclampsia have a hiher incidence of
major CV risk factors in the fifth decade of life compared with healthy
controls [83]. Yinon et al. compared women with physiological preg-
nancies, late and early preeclampsia and IUGR and demonstrated that
those with early preeclampsia and IUGR showed impaired brachial
endothelium-mediated dilatation. [84]. Moreover, an imbalance to-
wards the production of placental vasoconstrictive and procoagulant
molecules is seen in preeclampsia compared with physiological preg-
nancies. [83]. The involvement of the utero-placental vascular unit sub-
sequently enhances and worsens the clinical scenario of preeclampsia,
increasing peripheral vascular resistance, systemic arterial pressure
and platelet aggregation, and decreasing utero-placental flow [85].

Systemic subclinical inflammation in preeclampsia [86], also con-
tributes to endothelial damage by promoting oxidative stress wich in
turn can predisposewomen to CVD after pregnancy [87]. The Avon Lon-
gitudinal Study of Parents and Children, evaluated 3416 women
18 years after pregnancy and concluded that the risk of CV increased
by 30% inwomenwhohave had disorders such as gestational hyperten-
sion, preeclampsia, GDM and SGA [81].

Comorbidities may worsen the clinical scenario of the preeclampsia
and share similar placental vascular alterations that synergistically in-
crease the risk of subsequent development of CVD. For example, almost
one-third of the cases of GD are complicated by preeclampsia [88].
Moreover, preeclampsia is a risk factor for the development of DM;
the probability of developing DM in the post-pregnancy years is 3.8
times greater than that in healthy controls. [80]. Increased pre-
pregnancy BMI is a risk factor for preeclampsia [89] and preeclampsia
increases the risk for subsequent IR and hypertension in the peri-
menopausal years [90].

The association between preeclampsia and future CV disease seems
to be due to underlying vascular dysfunction [91,92]. The vascular
damage arising during pregnancy lasts into the postpartum years and
represents the etiopathological trigger of future CV damage [92]. A
meta-analysis confirmed that women with a history of preeclampsia
compared with women without such a history, had an increased risk
of hypertension, a 2-fold increased risk of IHD, stroke, and deep venous
thrombosis, and a 1.5-times higher risk of all-cause mortality, later in
life [93].

These women are currently outside the scope of most preventative
programs due to their relatively young age but have important modifi-
able risk factors andmay be eligible for preventative therapies at an ear-
lier age. During pregnancy, low-dose aspirin prophylaxis is indicated in
patients with preeclampsia, particularly if other risk factors are also
present [94].

3.3. Preterm birth

PTB, defined as delivery of an infant before 37 weeks, affects 11% of
all pregnancies. It is the leading cause of long-term neurologic disabil-
ities in children and the most common cause of infant death [95]. PTB
not only poses risk to the child, but it may also identify women with el-
evated lifetime risk for CVD [96]. Indeed, women with PTB are more
likely to have CV events and increased hospitalization rates [97].

Robbins et al. reported a significant increase in the incidence of AMI,
stroke and CAD in these women [98]. Compared with normal term de-
livery, spontaneous preterm delivery (sPTD) has been associated with
a 3-fold increased risk of maternal CVD death later in life. A recent
meta-analysis of 14 CVD outcome studies, including nonfatal MI, revas-
cularization, CV death, stroke, thromboembolism, IHD-related hospital-
izations, and IHD death in womenwith sPTD showed that all-cause PTD
(medically indicated and sPTD) is associated with a 1.5- to 3-fold
increased risk of CV morbidity and mortality after controlling for CV-
related risk factors [97].

Kessous et al., in a population-based study comparing the incidence
of CV morbidity in 47,908 women who delivered preterm (b37 weeks'
gestation) and those who gave birth at term during the same period,
showed that adjusting for confounders such as induction of labour,
DM, preeclampsia, and obesity, PTD was associated with increased
rates of CV hospitalizations (adjusted hazard ratio, 1.4; 95% CI,
1.2–1.6). They concluded that PTD is an independent risk factor for
long-term (N10-year) CV morbidity [98]. The pathogenesis of PTB re-
mains poorly understood; systemic inflammation, infection, and vascu-
lar diseases have been proposed [99–101]. The length of gestation has
been shown to inversely correlate with IR, high blood pressure and
low-grade inflammation in the years after delivery [102–104]. Thus,
dysregulation of cardio-metabolic factors may provide a possible expla-
nation for the reported association between PTB and the development
of CVD [105,106].

Moreover, in the decade following delivery, womenwith a history of
PTB, butwithout preeclampsia or SGAbirths, have been shown to have a
higher incidence of an atherogenic lipid profile and carotid arterial wall
thickening than controlwomen. This increased risk is greatest in PTBoc-
curring beforeweek 32 and inwomenwith early deliveries due tomed-
ical indications such as SGA or preeclampsia.

A recent large meta-analysis that included 5,813,682 women,
338,007 of whom had PTB, demonstrated that PTB was associated
with a 1.4- to 2-fold increase in future adverse CV events, CV death,
CHD events, CHD death and stroke [107]. Moreover, women with a
greater number of recurrent PTBs showed higher risks for CVD and
CHD adverse outcomes. Therefore, PTB identifies women at risk for
CVD who would not have been detected using traditional risk assess-
ment tools at a time when it may still be possible to change their CV
risk trajectory [108].

3.4. Small for gestational age pregnancies

Low weight for the gestational age (i.e. birth weight b1.5 Kg) of the
unborn child represents a risk factor for the development of CVD in
the mother [109]. A retrospective study conducted in Sweden with al-
most 1million women showed an additive effect between pre-term de-
livery and SGA pregnancies as CVD risk factors, i.e. RR 1.38 for SGA and
3.40 in SGA and PTB pregnancies, respectively [110].

Birth weight is inversely related to future maternal CV mortality.
There is evidence of a reducedmigratory function and number of endo-
thelial progenitor cells in SGA mothers, indicating vascular endothelial
damage in these individuals [110].

Similar to preeclampsia, the pathophysiological mechanism under-
lying SGA pregnancies is triggered by placental vascular damage and in-
volves the systemic vasculature. The effects may persist well beyond
1 year postpartum. SGA pregnancies show a statistically significant re-
duction in vascular compliance, as assessed by endothelial flow-
mediated dilation, compared with controls [84].

Melchiorre et al. demonstrated an increase in total vascular
resistance, asymptomatic left ventricular diastolic dysfunction, and ab-
normal myocardial relaxation indices, as assessed by 12-week postpar-
tum cardiac echo Doppler studies [111], in mothers of SGA infants
compared with those in controls. Foetal growth-restricted (FGR) preg-
nancies were characterised by lower cardiac index and higher total vas-
cular resistance index. Compared with controls, FGR pregnancies were
associated with a significantly increased prevalence of asymptomatic
left ventricular diastolic dysfunction (28% versus 4%) and widespread
impaired myocardial relaxation (59% versus 21%). Cardiac geometry
and intrinsic myocardial contractility were preserved in FGR pregnan-
cies. Two-thirds of women with FGR pregnancies showed evidence of
poorer diastolic reserve, as demonstrated by impairedmyocardial relax-
ation, and one third had overt diastolic chamber dysfunction despite a
normal ejection fraction. SGA pregnancies are characterised by low
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cardiac output, increased peripheral vascular resistance and high prev-
alence of asymptomatic diastolic global dysfunction and reduced car-
diac reserve [111]. These data may help explain the increased risk of
CVD observed in mothers of children with IUGR.

Barker et al. demonstrated an association between abnormalities oc-
curring during foetal life and mortality in adult life, with an increased
prevalence of IHD, further supporting “Barker Hypothesis” that the sus-
ceptibility to CVD can in many cases start in utero [112].

Andersson et al. reported that the prevalence of hypertension later
in lifewas increased in low birthweightwomen comparedwith normal
birth weight women [113].

The prevalence of hypertension at 60 years of age was increased
in women who were SGA compared with normal birth weight
counterparts, suggesting a very early origin of heightened CV risk
[114]. Therefore, girls who were SGA are at risk of early menopause
and postmenopausal hypertension as suggested by the “foetal
programming” theory [115]. Birth weight and other perinatal factors
are not yet considered to represent risk factors potentially leading to
adult hypertension [116].

3.5. Miscarriage

Repeated spontaneous miscarriage is associated with the develop-
ment of CVD and risk factors [116]. Women with a history of repeated
miscarriage have an increased risk of CV events, hospital admissions
for CVD and are more frequently admitted to a hospital for invasive
and non-invasive diagnostic CV procedures compared to control sub-
jects [117]. In a retrospective study involving 7701 women, Parker
et al. showed a correlation between increased risk of CAD and
poliabortivity, a finding that was independent of blood pressure, BMI,
waist to hip ratio and leukocyte count [118]. These associations were
also confirmed in a meta-analysis study by Oliver-Williams et al.
[119]. A large cohort population study in women with a history of mis-
carriage and/or foetal death confirmed the increased incidence of MI,
cerebral infarction, and renal vascular hypertension compared to that
in controls [120].

4. Conclusions

CVD remains the leading cause of morbidity and mortality in post-
menopausal women, despite the overall reduction in age-adjusted
CVDmortality in recent years. Traditional CV risk factors are equally im-
portant in men and women, but recently, evidence has been gathered
showing the importance of gynaecologic and obstetric events taking
place inwomenduring their reproductive years.Menopause, GDM, pre-
eclampsia, and SGA, in addition to the other risk factors described in this
manuscript, are associated with the development of CVD. These events
should, therefore, be considered to represent sex-specific risk factors
and should be considered by health practitioners and used for CVD
risk calculation and CVD prevention programmes in women [121]. The
perinatal period is a valuable time for giving medical advice, education
and intervention.

The evaluation ofwomen's specific CV risk factors is of importance to
establish early, sex-targeted preventative and therapeutic strategies.
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