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Knowledge, Attitudes, and Beliefs
Regarding Cardiovascular Disease

in Women

The Women’s Heart Alliance
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Differenze di Genere

Rischio Cardiovascolare
e F.R. Tradizionah

 F.R. Emergent
 I. R. Specifici di Genere

“Conventional” Risk Factors

Smoking | Hyperlipidemia
HTN \ /Sedentary lifestyle

Obesity e — Family Hx/genetics

Psychosocial factors 44 b
Depressiom—> N 4— Iron load

Frequenza F.R.
e Comorbidita

Environmental stress .
Do G y — Vitamin deficiency
Disordini Oxidative stress /, = 2 o Infection
. . Homocysteine T Thrombotic factors
Autoimmuni ‘ FibriRogen.

TpA, PAI-1

“Nonconventional” Risk Markers

Fatton Etnici-Geogralici
Abitudini connesse con 1l ruolo sociale

{J Am Coll Cardiol 2006;47:305-55)




Inappropriata percezione
Rischio Cardiovascolare
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PRACTICE GUIDELINE

Effectiveness-Based Guidelines for the Prevention of
Cardiovascular Disease in Women—2011 Update

A Guideline From the American Heart Association

Table 2. Classification of CVD Risk in Women

Evaluation of CVD Risk:

Medical history/family history/pregnancy complication history

Symptoms of CVD

Depression screening in women with CVD

Physical examination including blood pressure, body mass index, waist size
Laboratory tests including fasting lipoproteins and glucose

Framingham risk assessment if no CVD or diabetes

I
Implement Class I Lifestyle
Recommendations (for all):

* Smoking cessation

» DASH-like diet History of Paroxysmal Atrial
« Regular physical activity Fibrillation?

-

Weight management

I
Is Woman at High Risk of CVD Yes
(having 21 of the following)?

Clinically established CHD
Cerebrovascular disease
Peripheral arterial disease
Abdominal aortic aneurysm
Diabetes mellitus

Chronic kidney disease

10-year predicted CVD risk 210%

Yes
M— Implement Class I

Recommendations:
Recent cardiovascular event, procedure, or + Blood pressure control
congestive heart failure symptoms? « LDL-C-lowering therapy if 2190

mg/dL
Yes

Implement Class |
Recommendations:
* Warfarin or
® Aspirin or
« Dabigatran

Consider Class I1

Refer to Implement Class I . .
cardiac Recommendations: . R"-fcol:‘?":jerg:téoﬂs-
rehabilitation « Blood pressure control * Therapy for higl -,

non-HDL-C and triglycerides
and/or HDL-C in select women
* Aspirin

+ LDL-C-lowering therapy
(goal <100 mg/dL)

+ B-Blocker

« Angiotensin-converting
enzyme inhibitor/
angiotensin receptor blocker

I

C ider Class II R dations:

+ LDL-C-lowering therapy (goal <70 mg/dL in very high-risk women)

« Non-HDL-C-lowering therapy (goal <130 mg/dL in very high-risk women with
recent ACS or multiple poorly controlled cardiovascular risk factors)

* Glycemic control in diabetics

= Aspirin/antiplatelet agents

* Omega-3 fatty acids

only 4% of women Tell Into this 1deal state and a rurther 13% had no risk factors but
failed to follow a healthy lifestyle. There was a 18% difference in major CVD events in
favour of the ideal life- style vs. the no-risk factor groups: 2.2% and 2.6% per 10 years,

respectively.

Risk Status Criteria
High risk (=1 Clinically manifest CHD
high-risk states) Clinically manifest cerebrovascular disease

Clinically manifest peripheral arterial disease
Abdominal aortic aneurysm

End-stage or chronic kidney disease
Diabetes mellitus

10-y Predicted CVD risk =10%

At risk (=1 major Cigarette smoking
risk factor(s]) SBP =120 mm Hg, DBP =80 mm Hg, or treated
hypertension

Total cholesterol =200 mg/dL, HDL-C <50 mg/dL,
or treated for dyslipidemia

Obesity, particularly central adiposity
Poor diet
Physical inactivity

Family history of premature CVD occurring in first-
degree relatives in men <55 y of age or in
women <65 y of age

Metabolic syndrome

Evidence of advanced subclinical atherosclerosis
(e.g., coronary calcification, carotid plaque, or
thickened IMT)

Poor exercise capacity on treadmill test and/or
abnormal heart rate recovery after stopping
exercise

Systemic autoimmune collagen-vascular disease
(e.g., lupus or rheumatoid arthritis)

History of preeclampsia, gestational diabetes, or
pregnancy-induced hypertension

Ideal cardiovascular Total cholesterol <<200 mg/dL (untreated)
health (all of these) BP <<120/<-80 mm Hg (untreated)
Fasting blood glucose <100 mg/dL (untreated)
Body mass index <25 kg/m?
Abstinence from smoking

Physical activity at goal for adults =20 y of age:
=150 min/wk moderate intensity, =75 min/wk
vigorous intensity, or combination

Healthy (DASH-like) diet (see Appendix)
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Endothelial cells Smooth-muscle cells

Smooth-muscle cell

| Endothelial cell |

E-selectin

Comguintion Inflammation
Fibrinogen iésF-l
PAI-1
Plasminogen :[zGFB
MMP-9 =
D-dimer Vasodilation ¥ _
Factor VI NO Vascular smooth muscle and myocardial Rapid effects Longer-term effects
Thrombomodulin Endothelin-1 growth and remodeling (nongenomic) (genomic)
Prostacyclin Endothelial cell proliferation 4 Dilatation + Atherosclerosis
— 4 Nitric oxide + Vascular injury
Lipid profile and Thromboxane *Endothelial-cell growth
\ insulin resistance / \ ¥ Smooth-muscle-cell growth
o Gli estrogeni hanno a breve
Le cellule endoteliali e le cellule termine un effetto vasodilatante e
muscolari lisce esprimono | a
recettori per gli estrogeni lungo termine una azione di
ERs-alpha and ERs-beta. inibizione verso il danno vascolare

e di prevenzione dell’aterosclerosi



Cardiovascular Protective Effects of Estrogen

!

Indirect Effects

I

Diract Effects

!

!

1. Increased HOL

2. Reduced LDL

3. Reduction in LDL
Oxidation {All
Changes Would Be
Antiatherogenic)

Genomic

1. Increased Cardiovascular
Production of Nitric
Orice:
Endothelial Cells
amooth Muscle Cells
Myocardial Cells
(Reduced Endothelial Cell
Adhesion, Vascular
Contraction, and Growth
Froliferation)

2. Inhibition of Vascular
amaooth Muscle and
Myocardial Growth and
Remodeling {Reduced
Atherogenesis)

3. Endothelial Cell
Froliferation Resulting in
Increased Angiogenasis

Nongenomic

1. Increased Platelet Nitric
Oxide Production Results
in Reduced Platelet
Agoregation

2. Increased Endathelial
Cell Nitric Oxide
Froduction (Results in
Reduced Vascular
Contractility and Inhibits
Atherosclerosis)

3. Inhibition of L-Channel
Calcium Currents
i Results in Reduced
Vascular Constriction)

Cardiovascular protective effects of estrogen. HDL indicafes high-density

lipoprotein; LDL, low-density lipoprofain,




Conseguences of menopause on the cardiovascular system

Menopause
and ageing

Menopausal oestrogen decline

y

* Physical

inactivity

* Mood

instability
* Sarcopenia

l

Y

Indirect effects on

cardiovascular risk factors

* Visceral adiposity

* Dyslipidaemia:
increased LDL-c and
decreased HDL-c

* Increased triglycerides

® |nsulin resistance

* |Increased blood pressure

* Chronic inflammation

Obesity

y

Atherosclerosis

y

Ischaemic heart disease
and stroke

l

Direct effects on the vasculature

* Activation of the renin—
angiotensin system

* Increased angiotensin |l

* Increased endothelin 1

* Decreased NO synthase

v

* Oxidative stress

* Vascular cell proliferation
® Vascular wall inflammation
e Arterial stiffness

<— * Endothelial dysfunction

Davis, S. R. et al. (2015) Menopause /

Nat. Rev. Dis. Primers
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Stage 3:
Atherosclerotic plaque containing large
macrophage foam cells starts to form

Stage 4:

* Inflammatory process
continues until

the plaque ruptures

~ and a thrombus is

- formed.

Stage 1:
Inflitration of LDL
Into healthy vessels

Inflammatory process to clear LDL

starts by monocyte infiltration Vascular occlslon

by thrombus
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Smoking Visceral Dyslipidaemia Hypertension Periodontitis Dysglycaemia Infection
fat W

etc.

J
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Proinflammatory cytokines
(e.g. IL-1,TNF, IL-18, CD40L, MCP-1)

Physical
— & activity —

Fruit,
— & (‘: 0 °vegetables and—]

nuts

Oily fish

' Moderate
alcohol

Lipid

Fibrinogen' P ‘Messenger’ | "o

core cytokine
Aheroma ytoki e
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Age at Menopause Has
Remained Constant While Life
Expectancy Has Increased

~
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Campbell S, ed. The Management of the Menopause and
Postmenopausal Years. Baltimore, Md: University Park Press; 1976.
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Sex Differences in Ischemic Heart Disease

Advances, Obstacles, and Next Steps

Emerging Risk Factors Traditional Risk Factors
SLE: 3-fold higher risk of IHD events [18)

Rheumatoid arthritis: elevates IHD riskas ' ,t. Hyperlipidemia

muchas DM s} Autoimmune % 80% of women 275 have HTN
Hypertension Only 29% have adequate BP control [22,98]

Menopause resultsin # TG, $LDL, § HDL
Women are less likely to achieve lipid goals (OR 0.50) [37)

Gestational diabetes
* 4-fold higher risk of DM
*  59% higher risk of Ml[17]

;.,--'-_-‘g‘f‘i. : g .
Pregnancy M Diabetes ¥ < Diabetes confers a 45% higher risk of IHD[16)

Hypertension in pregnancy:
* Gestational HTN and preclampsia:
3-fold higher risk of IHD[1s] Smoking g Smoking confers a 25% higher risk of IHD[s6]

Early menopause confers 4.5 CJV\) Menopause Obesity M

times higher risk of IHD[s3] -+ Obesity confers a higher risk of IHD in women
(64% vs 46%)[94)
Depression Inactivity T
Depression is more prevalent in women Family Hx - Women have a higher prevalence of inactivity

Doubles the risk of IHD[16) 25% of US women get no regular physical activity[9s]

Circ Cardiovasc Oual Outcomes. 2018 g Family History of preT?Fu_rg»..thAher?‘s.c_:l.g‘r?ﬁs confersa 2 fold

Ry PR EERCRLARE Vi WY Y Y el oWl



Menopause accelerates biological aging
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Key Points
Question Are age at onset of menopause and years since onset

of menopause associated with cardiovascular outcomes,
intermediate vascular traits, and all-cause mortality?

Findings Inthis meta-analysis of 32 observational studies,
premature or early-onset menopause in women younger than

45 years were associated with an increased risk of coronary heart
disease and all-cause mortality. Time since onset of menopause in
relation to vascular outcomes was reported in 4 studies and
showed inconsistent results.

Meaning Our findings underscore a potential increased risk of
adverse cardiovascular outcomes in women who experience
premature or early-onset menopause.

N
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Duration of Reproductive Life Span, Age at Menarche, and Age at
Menopause Are Associated With Risk of Cardiovascular Disease in

Women

Sylvia H. Ley, PhD, RD; Yanping Li, PhD; Deirdre K. Tobias, ScD; JoAnn E. Manson, MD, DrPH; Bernard Rosner, PhD; Frank B. Hu, MD, PhD;
Kathryn M. Rexrode, MD, MPH

Conelusions—A shorter duration of reproductive life span is associated with a higher risk of CVD, which is likely driven by the
timing of menopause induced either naturally or surgically. Extremely early age at menarche is also associated with a higher risk of
CVD. (J Am Heart Assoc. 2017;6:¢006713, DOL: 10.1161/JAHA.117.006713)

Clinical Perspective

What |Is New?

* In this prospective cohort study, a shorter duration of
reproductive life span, extremely early age at menarche, and
early age at menopause were associated with a higher risk
of cardiovascular disease.

» The association remained significant in a sensitivity analysis
among nonusers of hormone therapy, indicating that the
observed association was not driven by the use of
exogeneous hormones.

What Are the Clinical Implications?

+ The associations of timing of menarche and menopause
with cardiovascular disease suggest an underlying role of
sex hormones in cardiovascular disease.

Survival Probability

0.25 0.50 0.75 1.00

0.00

NIH Public Access

Author Manuscript

Published in final edited form as:
Menopause. 2012 October ; 19(10): 1081-1087. doi:10.1097/gme.0b013e3182517bd0.

Early Menopause Predicts Future Coronary Heart Disease and
Stroke: The Multi-Ethnic Study of Atherosclerosis (MESA)

Melissa Wellons, MD, MHS, NCMP', Pamela Ouyang, MBBSZ2, Pamela J Schreiner, PhD?,
David M Herrington, MD?, and Dhananjay Vaidya, MBBS, PhD?

Logrank p = 0.008

T T T T T
45 55 65 75 85
Age

No early menopause  ---------- Early menopause
Figure 2.

Kaplan Meier Survival Curves for Coronary Heart Disease in Women with and without
Early Menopause.



Review

Gynecardiology: Distinct patterns of ischemic heart disease in
middle-aged women

Suzette E. Elias-Smale, Arzu Guinal, Angela H.E.M. Maas*

genetic

predisposition <
Life-course approach

migraine

reproductive disorders:
PCOS, miscarriages, HPD,
preeclampsia/HELLP, GDM

early menopause
premature hypertension
metabolic syndrome
endocrine disorders
rheumatic diseases
thyroid disorders

type 1 CMD
persistent VMS
young stroke/ACS

teens adolescence forties fifties a

0 ageing 55
PCOS polycystic ovary syndrome CMD coronary microvascular dysfunction
HPD hypertensive pregnancy disorders VMS vasomotor symptoms
HELLP hemolysis elevated liver enzymes low platelets syndrome ACS acute coronary syndromes

GDM gestational diabetes mellitus CVD cardiovascular disease
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Other factors: Obesity,
OSA, Metabolic Syndrome,
Pregnancy outcomes,
Autoimmune Disorders,
Chest wall radiation,
Anemia, Chemotherapy,

Psychosocial factors:

Genetic Predisposition, Marital Stress, Low SES,
Family History Acute Mental Stress,

Depression, Anxiety,

-

Endothelial Dysfunction, Insulin Resistance, Inflammation,
Thrombosis, Sympathetic vsl. Parasympathetic Imbalance

v

Ischemic Heart Disease
(Microvascular dysfunction,
Atherosclerosis, Systolic and
Diastolic Heart Failure, Myocardial

<

infarction, Arrhythmias)

CV risk associated
with MS

Sex-related factors

Genetic factors
Hormonal status
Menopause

Gender-related factors

Work stress
Psycho-social behavior
Food habits
Socio-economic status

\/

Menopause

Increased MS
prevalence in women
after menopause

Similar CV relative
risk between men
and women
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Menopause, atherosclerosis and cardiovascular risk:
a puzzle with too few pieces

llaria Jane Romano', Laura Lenatti’, Nicoletta Franco? Leonardo Misuraca®, Nuccia Morici*, Chiara Leuzzi®,
_____Elena Corrada®, Delia Colombo’, Stefano Savonitto’

Hypothesis 2

Cardiovascular
risk factors
(Smoking, dyslipidemia,
physical inactivity, high

40 BMI, hypertension,
diabetes)
years
Menopause
60 l

Drop in estrogen levels

Hypothesis 1

i active effect Earlier
Sl and more extensive Cardiovascular
Vascular .
Haemostatic atherosclerosis > events
Metabolic

Figure 3, Two hypotheses on the relations between menopause (and “early” menopause), atherosclerosis and risk of cardiovascular
events. “Hypothesis 17 indicates that estrogen has a protective effect on the progression of atherosclerosis, and that the earlier drop
in estrogen levels reduces estrogen exposure time, accelerating atherosclerosis and increasing the risk of cardiovascular events in
women with “early” menopause'. “Hypothesis 2" argues that the same risk factors of cardiovascular disease, in addition to causing per
se accelerated atherosclerosis, are themselves involved in causing early menopause, with the adverse consequences mentioned above?.
The two hypotheses do not exclude one another. BMI, body mass index.



Ouyang et al. Biology of Sex Differences (2016) 7:19
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Strategies and methods to study female-
specific cardiovascular health and disease:
a quide for clinical scientists

Pamela Ouyang'™, Nanette K Wenger’, Doris Taylor’, Janet W. Rich-Edwards’, Melr Steiner’, Leslee J. Shaw’,
Sarah L. Berga®, Virginia M. Miller’ and Noel Bairey Merz*

Biology of Sex Differences
i ffecting women across their lifespan

|. Reproductive health

fongitions

Fregnancy hypertension

Maternal/fetal exposure 1o other pregnancy disorders

Microchimerisrn

Endogenous sex hormones

Hormone therapy and age of therapy

IIL Peychiosacial issues

Stress

V. Crther variables

Impact of diabetes

Mon-athercecleratic coronary disease

inflarmmatory autoimmune disease

Palyoystic ovarian syndrome is assaciated with vascular changes [20, 229, 230)

Stress reduces pituitary LH and FSH secretion beading to ancvulation and secondary
hypoestrogenernia [31, 321

A wormen's recall of pregnancy kypertensive diserders is specific but sensitivity varies and
the positive predictive value is low [65]. Investigators have suggested standardization of
study design for research invalving women with preeclampsia [231]

Warnen with histories of preeclampsia, gestational diabetes, small-for-gestational-age
celiveries, or preterm delivesies fwhether spontaneous or medically indicated) are at about
twodold the increased risk of coronary heart disease and stroke companed with women
who have had pregnancies uncomiplicated by these factors [12]

Fetal cells passage transplacentally into the maternal circulation during pregnancy and
persist for decades (this is wermed fetal micrechimerism or FMC). FMC is potentially
associated with cetrimental effects, eq, preedampsia and autcimmune disease, and with
bereficial effects, eg., fernale langevity due to regeneration and repair due te FMC FIMC
has been identified in explanted idicpathic cardiormyvopathy hearts [77] and the frequency
and concentration are higher in women with preeclamgsia [78, 237]

Associated with greater coronary artery disease and stroke risk [58]

Sex harmone levels are associated with body compasition, incident diabetes, and ather
risk factors [233)

Subranalyses from Warmen's Health Initiative indicate age of harmaone therapy (HT) may
irmipact risk/benefit. The KEEFS wial showed no difference in pragression of carotid
intima-media thickness in women treated early post-menapause with oral or transdermal
estrogen [46]

More eganman in women and assediated with incident OVD ardd worse prognosis

[234, 235]. The AHA has recognized cepression as 2 risk factor for poor prognosis among
patieris with acute coranary syndsame [236]

Reduces pituitary LH and FSH secretion leading to anovulation and secandary
hypoestregeneria [31, 32)

Warnen are the majority of the eldedy with high burden of VD [181]

DM confers greater risk in women than men [171]

Yasomotor Sysfunction and coronary microvascular disease are often not considered
despite women having lower prevalence of sbstructive CAD [34]

Rheumatologic disorders, particularly systermic lupus enghernatosus and rheurnatoid
anrthritis, are mone prevalent in women and are asseciated with more prevabant
vl [176, 237, 238]
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There is no jump in the risk for
C} Q gy O Dtems g

Gender in cardiovascular diseases: impact
A_]" on clinical manifestations, management,
and outcomes

The EUGenMedt, Cardiovascular Clinical Study Group, Vera Regitz-Zagrosek"23*,
WO Sabine Oertelt-Prigione!23, Eva Prescott?, Flavia Franconi?5, Eva Gerdts®,

Anna Foryst-Ludwig®7, Angela H.E.M. Maas®, Alexandra Kautzky-Willer??,
Dorit Knappe-Wegner21%, Ulrich Kintscher?’, Karl Heinz Ladwig'!,
Karin Schenck-Gustafsson?'2, and Verena Stangl®13

rha

Gender-sensitive environmental factors
Gender
Epigenetic modifiers

New Diseased
—| o |— )
born patient

Sex hormones

Sex-specific gene expression

Khamis RY, et al. Heart 2016;102 1142-1149, doi:10.1136/heartnl-2014- 306463



ERONTIERS IN CARDIOVASCULAR QUTCONES RESEARCH

Sex Differences in Ischemic Heart Disease

Advances, Obstacles, and Next Steps Circ Cardiovasc Qual Outcomes. 2018:"

Take-Home Points for the Clinician

Sex-specific risk of traditional and novel risk fac-
tors for ischemic heart disease should be con-
sidered for improved risk stratification of at-risk
women.

Diagnostic imaging should evaluate the full spec-
trum of ischemic heart disease and include assess-
ment with stress testing and coronary computed
tomography for epicardial stenosis and with posi-
tron emission tomography and magnetic reso-
nance imaging for microvascular disease.
Psychosocial variables, including perceived social
support, depressive symptoms, and caretaking
responsibilities, play an important role in influ-
encing health-seeking behaviors and clinical out-
comesgia=wrorien.

Creased awareness of ischemic heart disez
women, attention to social determinants of healt
health and cultural literacy, improved adherence
to sex-specific guidelines, and adequate inclusion

of women in trials are needed to address the exist-
. lng disparities in research and clinical care. ‘




