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La femme athlete

FIGURE 1 Female Athletes: Sports Participation vs Research
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Participants in the Summer Olympic Games (circles), adapted from the Women in the
Olympic Movement fact sheet.” Participation in athlete cardiovascular research (lines)
was adapted from Patel et al.”

FIGURE 2 Sex-Based Differences Between Serum Testosterone Levels and
Exercise Performance
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| Peak VO, T Muscular Fatigue Resistance

{ Stroke Volume T Muscular Short-Term Recovery
! Plasma Volume | Fat-Free Mass

| Hemoglobin \ Muscular Power

Petek BJ. Et al, J Am Coll Cardiol 2023

Absolute difference (circles) was calculated as median testosterone level in males minus
median testosterone level in females, adapted from Senefeld et al.** Peak Vo = peak
oxygen uptake.




CENTRAL ILLUSTRATION Sex-Based Differences in Exercise-Induced Cardiac Remodeling and Outcomes

Female
Athlete's

+ } Atrial fibrillation

+ } Sudden cardiac
arrest/death

Petek BJ, et al. J Am Coll Cardiol. 2023;82(10):1030-1038.

» } Cavity sizes, LV mass
and wall thickness

» Eccentric > concentric
remodeling

» } Coronary calcification
and myocardial fibrosis

Electrocardiogram

« tQTc
= } QRS voltages

« t Anterior T-wave
inversion

This review focuses on sex-based differences between female compared to male athletes in 3 domains: the electrocardiogram, cardiovascular imaging, and outcomes.

LV = left ventricular.




La femme athlete

TABLE 2 Key Sex-Related Differences Among Athletes in Sex Hormone Levels, Athletic
Performance, Cardiovascular Structure, and Exercise-Related Cardiovascular Sequelae

Characteristics Female vs Male Athletes®

Sex hormone levels 1 Estrogen and progesterone
| Testosterone

Athletic performance | Peak Vo»
| Muscular strength
1 Muscular fatigue resistance

Electrocardiogram | ORS intervals and voltages — | LVH and RVH criteria
| Early repolarization

1 QTc
1 Anterior T-wave inversions

Cardiovascular imaging | Absolute LV and RV size, 1 [+ BSA-indexed LV and RV
dimensions
| LV wall thickness, LV mass, and BSA-indexed LV mass
| Relative wall thickness
| Coronary artery calcification
| Myocardial fibrosis

Exercise-related cardiovascular | Exercise-related cardiac arrest and death
sequelae | Atrial fibrillation

2Assumes female athletes are premenopausal and eumenorrheic; see Figure 2 for more details on athletic
performance.

BSA = body surface area; LV = left ventricle; LVH = left ventricular hypertrophy; RV = right ventricle;
RVH = right ventricular hypertrophy; Vos = oxygen uptake.

Petek BJ. Et al, J Am Coll Cardiol 2023



La femme athléete

ELECTROCARDIOGRAPHIC AND ECHOCARDIOGRAPHIC CHANGES
IN FEMALE ATHLETES AS COMPARED WITH CONTROLS

Taller R wave l
29% T prevalence of LVH: |
P vs 3% |

i’ Faller T waue"J \L’

lLower resting HR
-20%

Longer P wave
41%
Y
7 1
T prevalence of ER; -

Longer PR interval . 30 vs 5% i'T“ prevalence of anterior TWI: |
4% 1, 12vs 3% |

D’Ascenzi F. et al, Int J Cardiol 2024



Circulation Research

February 18, 2022 Circulation Research. 2022;130:662-672. DOI: 10.1161/CIRCRESAHA.121.3198395

WOMEN AND CARDIOVASCULAR HEALTH COMPENDIUM

Pregnancy and Reproductive Risk Factors for
Cardiovascular Disease in Women

Anna C. O'Kelly, Erin D. Michos, Chrisandra L. Shufelt, Jane V. Vermunt, Margo B. Minissian, Odayme Quesada,
Graeme N. Smith®, Janet W. Rich-Edwards®, Vesna D. Garovic™, Samar R. El Khoudary®, Michael C. Honigberg™®

Childhood Early Reproductive Late Reproductive Menopausal
| | — _ | _ I
Early or late age Infertility Final parity Menopause
of menarche

* Premature age of onset

[ ' * Perimenopause stage
Adverse pregnancy outcomes + Surgical menopause

Polycystic (e.g., hypertensive disorders of « Vasomotor symptom severity

ovary pregnancy, gestational Lack of * Prolongedfate use of
syndrome diabetes, preterm delivery, breastfeeding hormone therapy

growth restriction)

Figure 1. Key reproductive exposures associated with future risk of cardiovascular disease in women.
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Impact of Hormonal Contraception on Mechanisms of
Cardiovascular Disease

Estrogens Pr i

+ LDL oxidation Atherosclerosis
¥ LDL binding
4+ lipoprotein® ***

44 HDL effect* **

* blood pressure 4 slucose tolerance**

v oxidation damage
v VSMC proliferation
v glucose tolerance ™

4 coagulation factors

y Platelet ageregation
¥ nitric oxide**

4 coagulation factors
v platelet aggregation

Shufelt CL, et al. JACC. 2009;53:221-231.




Impact of Hormonal Contraception on Mechanisms of
Cardiovascular Disease

Estrogens
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Shufelt CL, et al. JACC. 2009;53:221-231.



@ E S C European Heart Journal (2021) 42, 967-984 ESC REPORT

European Society doi:10.1093/eurheartj/ehaal044
of Cardiology

Cardiovascular health after menopause
transition, pregnancy disorders, and other
gynaecologic conditions: a consensus document
from European cardiologists, gynaecologists,
and endocrinologists

Angela H.E.M. Maas ® '#, Giuseppe Rosano ®?, Renata Cifkova ® >,

Alaide Chieffo ®°, Dorenda van Dijken ® °, Haitham Hamoda ® 7,

Vijay Kunadian ®28, Ellen Laan ®°, Irene Lambrinoudaki ® °,

Kate Maclaran’ 1, Nick Panay 12, John C.Stevenson @ 13, Mick van Trotsenburg”,
and Peter Collins'?



Practice points

® Combined OCP should be avoided in women with a history of VTE,
stroke, CVD, or any other PVD

® Use of OCP is contraindicated in 35 plus women who smoke and in

women with severe dyslipidaemia or obesity

® POCs, administered by oral, sub-cutaneous, or intra-uterine routes

can be prescribed in women at elevated cardiovascular risk



Prescription contraception

* Facteurs de risque
. Age
« Tabagisme
- Hérédité
« Chiffres tensionnels

 Bilan glucido-lipidique
LP(a)

 Prévention secondaire

e Et suivi+++



Ccoeur et grossesse

« HTA
- 2140 ou 290 mmHg et 2 20éme SA
« Automesure tensionnelle 2135 2 ou 85 mmHg
» Alphaméthyldopa, Labétalol, Nicardipine

 Accidents artériels
» Dissection aortique
* Dissection artérielle : coronaire+++

 Décompensation d’une cardiopathie
« Myocardiopathie du péripartum
* Traitements cardiovasculaires

« Accouchement...



Impact des déesordres hypertensifs de la grossesse

Maladie | Coronaropathie Démence
(047 vasculaire

2,3-2,8 1,6-2,3 1,7-2,2 1,5-4,2
HTAG 2,8 1,4-1,7 2,4 1,5
Pré-éclampsie 2,2-4,5 1,4-1,7 1,7-2,5 1,5-1,9 2,2-3 2-4,2 1,7 2,3

Adapté d’aprés O’Kelly AC. et al, Circ Research 2022



Mécanismes

O’Kelly AC. et al, Circ Research 2022
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Hyperten sive disorders of pregnancy and Pauline Boucheron ® 1, Grégory Lailler ©® 141 Elodie Moutengou © 1

Hype I"te I‘IS l O n a I'te rl el Ie z < 0 Nolwenn Regnault © ', Amélie Gabet © 1, Catherine Deneux-Tharaux??,
onset of chronic hyp ertension in France: sandrine Kretz?, Clémence Grave © !, Claire Mounier-Vehier®,

Vassilis Tsatsaris ® *¢, Geneviéve Plu-Bureau®*’, Jacques Blacher ® *4, and

the nationwide CONCEPTION study Viglieia L@

@ ESC sssapammmsn i TRANSLATIONAL RESEARCH

Eurcpean Society https://doi.org/10.1093/eurheartj/ehab686 ]
of Cardiology Hypertension

Hypertensive disorders of pregnancy and onset of chronic hypertension

France 2010 - 2018

RR X 8,10

—— HTAG

g
g 15% RR X 6,03
2,663,573 primiparous £ 10% %ﬂ&?ﬂ%ﬁlﬂfﬂfﬂlﬂjﬁ['
women g

. : = Gestational hypertension:
;13'803 Sestavons! — aHR = 6.03 (95%Cl: 5.89-6.17)
ypertension
¢ . * Pre-eclampsia:

2 I
* 66,260 Pre-eclampsia Follow-up lime (years) aHR = 8.10 (95%Cl: 7.88-8.33)

Hypertensive disorders of pregnancy increase the risk of developing chronic
hypertension in primiparous women in the first years following delivery




Précocité pré-éclampsie

HR of early-onset preeclampsia
vs. late-onset preeclampsia
1.92
Unadjusted ——
1.80
Adjusted for all confounders® ——i
. 1.69
Adjusted for all confounders plus il
the PE duration
0 1 2

HR (95%Cl)

Figure 4 Hazard ratios of chronic hypertension in early-onset pre-eclampsia vs. late-onset pre-eclampsia. Cl, confidence interval; HR, hazard ratio.
*Confounders: year of delivery, maternal age, social deprivation, gestational diabetes, obesity, tobacco, and history of diabetes.

Boucheron P. et al, Eur Heart J 2022
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Figure | Female-specific risk factors and strategies for prevention. BP, blood pressure; CVD, cardiovascular disease; GDM, gestational diabetes
mellitus; HPD, hypertensive pregnancy disorders; IHD, ischaemic heart disease; MHT, menopausal hormone therapy; OGTT, oral glucose tolerance
test; PCOS, polycystic ovarian syndrome; POI, premature ovarian insufficiency.

Maas A. et al, Eur Heart J 2021



CENTRAL ILLUSTRATION Sex-Related Differences in Ischemic Heart Disease

Epidemiology
» Prevalence of IHD and angina varies by
race, ethnicity, and age in women
» Women have higher mortality with IHD
event and higher morbidity compared to men
+ Women have high rates of angina,
hospitilizations and repeat angiography Future of IHD in Women

Presentation + Focused guidelines on

» Women may report chest pain but more often management and primary
report back pain, jaw pain, epigastric pain, prevention of IHD in women
palpitations and lightheadedness

] Diabete‘s and smoking are more potent IHD risk « Focus research on improving
factors in women when compared to men quality of clinical care in women

» Atypical presentation in women linked to delays in

seeking care, diagnosis and life-saving treatment

* [nitiatives that focus on
implementation science and
Diagnostic testing health policy to effect the

» Coronary artery calcium (CAC) is a strong predictor social determinants of health
of subclinical CAD particularly in women

= Coronary CTA has a high diagnostic and prognostic

: : * Detailed and directed h
accuracy for the detection of CAD in women SEen e SR

to close the gap in outcome
and care

Management
+ Guidelines recommending an early invasive strategy

in women with NSTEMI-ACS and high-risk features

» Guidelines do not distinguish any differences in
treatment for men or women in terms of use of
anti-ischemic medicaltions, PCl or revascularization
with CABG

Solola Nussbaum 5, et al. J Am Coll Cardiol. 2022;79(14):1398-1406.

Visual diagram illustrating the epidemiclogy, presentation, diagnostic testing, and management of ischemic heart disease (IHD) in women as well as the means to
improve the future care of IHD in women. CABG = coronary artery bypass grafting; CAC = coronary artery calcium; CAD = coronary artery disease; CTA = computed
tomography angiography; NSTEMI-ACS = non-5T-segment elevation myocardial infarction acute coronary syndrome; PCl = percutaneous coronary intervention.




Facteurs de risque — Sexe et genre

Facteurs de risque communs

« Tabac : RR x 1,25

 Diabete : RR augmente

« Stress psychosocial/précarité
* Loisirs

« Maladies auto-immunes

Facteurs de risque spécifiques

* Puberte précoce
» Grossesse compliquée

« Syndrome des ovaires
polykistiques

« Contraception

« Radiothérapie mediastinale
* Ménopause precoce

* Traitement hormonal



Impact du tabac selon le genre : +25%

Etudes RR (95% CI) Poids (%)
Callins <+ O 0,58 (0,06-5,86) 0,22
Marin * 0,78 (0,27-2,22) 1,03
Diverse populations collaboration 1,06 (0,91-1,24) 19,29
APCSC (ANZ) < 1,06 (0,65-1,75) 4,10
Woodward —l-G—r 1,07 (0,89-1,29) 16,70
CPS-lI . 1,11 (0,67-1,83) 3,99
Jensen 1,11 (0,69-1,79) 4,44
Carnethon (whites) 1,16 (0,63-2,14) 2,82
Jousilahti d 1,21 (0,79-1,84) 5,45
APCSC (Asia) 1,29 (0,61-2,72) 1,94
Lam 1,32 (0,65-2,68) 2,14
Nilsson ——— — 1,38 (1,07-1,77) 11,74
Schnohr — 1,43 (1,18-1,74) 15,85
Houterman | » 1,47 (0,31-6,98) 0,47
Njolstad 1,75 (1,08-2,82) 4,35
Carnethon (blacks) 2,29 (1,38-3,82) 3,91
Hozawa 2,51 (0,83-7,57) 0,92
Juutilainen » 2,64 (0,40-17,6) 0,32
Fraser . 5,28 (0,55-50,9) 0,22
Ensemble (12 =20-0 % ; p = 0,21) 100,00

@ RR = 1,25 (1,12-1,39) p < 0,0001 2 123)

03 1,0

Risgue plus élevé chez les hommes

15

3,0

6,0

Risque plus élevé chez les femmes

v

Thomas D. Presse med 2017



Evolution sur 20 ans de la prévalence du tabagisme chez les
patients hospitalisés pour un infarctus

50% - 2001-2005

P=0.881 2006-2010
40% - m 2011-2015

0,355 0.339

0317 ooy 0335 W 2016-2020

30% - P<0.001
0,214
20% - 0,167
0,142

10% -
0%

Homme Femme

Diapositive Pr Marianne Zeller



40%

35%

30%

25%

20%

15%

10%

5%

0%

Taux de fumeurs parmi les patients
hospitalisés pour un infarctus du myocarde

p<0,001 m Non/ex fumeur
] B Fumeur

<25 25-35 35-45 45-55 55-65 65-75 75-85 85-95 95+

Diapositive Pr Marianne Zeller

* Age moyen
e fumeurs =53 ans
* non/ex fumeurs = 69 ans

e Les fumeurs font un infarctus
16 ans plus tot



Taux de fumeuses parmi les patients
hospitalisés pour un infarctus

45%

40% ® Non/ex fumeuse
(o}

B Fumeuse
35%

30%

25%
20%
15%
10%
5%
0%

<25 25- 35 35-45 45 55 55 65 65 75 75-85 85 95 95 +

Diapositive Pr Marianne Zeller

* Age moyen
e fumeuses = 56 ans
* non/ex fumeurs = 79 ans

* Les fumeuses font un
infarctus 23 ans plus tot




= Gestational diabetes

» Hypertensive disorders of
pregnancy

» Preterm delnvery

» Polyoyshe ovary syndroms

» Systemic inflammatory and
autcimmune disorders®

OL- 1

Well-establishad risk factors

Hypertension.

« Unhealthy diet

= Sedentary lifestyle
= 5moking or tobacco use

Under-recognised risk factors

= Psychosoaal nisk factors

= Abuse and intimate partner
violence

» Socieconomic deprnation

» Poor health fiteracy

= Environmental risk factoss

Vogel B. et al, Lancet 2021



Particularités de lI'infarctus chez la femme

2097 individuals with Ml at age < 50

® @
Women = 404 (19% Men = 1693 (81% .
( ) ( ) s Augmentation < 60 ans
Clinical . , . . .
Brosoutiisn Management + Mécanismes particuliers
« Women were more + The most common + Women were less « Women had . . .
likely to have presenting likely to undergo increased all-cause Dissection coronaire
diabetes and symptom in both angiography and mortality over a . . .
underlying women and men revascularization median follow-up of Microcirculation
rheumatic was chest pain « Women were less 11.2 years _
conditions - Women were more likely to be on (Tako-tsubo)
« Women had lower likely to also have guideline-directed
median income and dyspnea, post-MI medications o .
more likely to have ?alpitations, or +* Moindre recours
blic i i a I .
S e sligue a la réadaptation

Take home figure Among young individuals with myocardial infarction, there were significant differences in risk factors. Clinical presentation,
management, and outcomes between men and women. |A, invasive angiography.

Defilippis EM et al, Eur Heart J 2020
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CV health after menopause transition, pregnancy disorders, and other gynaecologic conditions

971

Table |

Benefits and risks of menopausal hormone therapy (MHT) for women with age at menopause >45 years and

of hormone replacement therapy (HRT) for women with early menopause (<45 years) and women with premature

ovarian insufficiency (POI, <40 years)

Benefits
® MHT is the most effective treatment for menopausal e
symptonms, 100:102:103 .

® Systemic and topical (vaginal) MHT is effective for the genitourinary ®

syndrome of menopause (GSM).'%'%%1%

® MHT prevents postmenopausal bone loss.'®"'** e
MHT may aid in the management of low mood that results from
menopause.’ " 00

® MHT may decrease CVD and all-cause mortality in women <60 @
years of age and within 10 years of menopause.

® Early initiation of MHT after menopause has the greatest benefit for ®
cardiovascular health,'%'%%1%3

® |n women with PO, the use of HRT until the average age of meno-
pause is recommended for menopausal symptoms, CVD, osteopor-
osis, and cognitive decline.'** %

® Short-term (up to 4 years) HRT in women after risk-reducing sal-
pingo—oophorectomy (RRS0O) does not increase the risk of breast

cancer and reduces the long-term effects of early menopause.'*-1*

Risks

Oestrogen-alone MHT increases the risk of endometrial canger, 102103
Oral, but not transdermal, MHT increases the risk of VTE.'?%141
The risk of stroke with MHT is slightly elevated, with less risk of transder-
mal preparations compared to oral therapy.'® 1941

MHT, especially when containing progestogens, may be associated with an
increased risk of breast cancer. This depends on the type of progestogen
and seems to dissipate when MHT is discontinued.’** %

MHT use over the age of 65 may cause deterioration in cognitive

function,'™’

MHT is not recommended in women at high cardiovascular risk and after a

previous CVD event,'® 1%




Prescription THM

ASCVD risk factors
«  Hypedipidermia
= Hypertansion

« Diabetes
= Family history of prematura CVD

or wamen <83 years of age)

«  Ohaesity (BMI| >30 kgim?)
- Physical inactivily

in first-dagree redative (men <55 =

<10 yoar from inal mensirual cyco, <60 years o, and bothersome vasormotor sympioms

Cigarefie smaking

Coronary calcfication (mogerale
riak; CAC 1-99; high risk: CAC
=101)

Histary of preeclampsia

History of systemic autsimmunea
collagen-vasoular diseasa (e.g.,
||.r|:||.-lin. rhaurmiatoid nrlhnﬁi]-

L L T T TR

| ]Il:-nllnn:ltn systemic HT:

Coronary hearn disease, stroka, TIA
Breast or endometrial cancer

Higbory of pulmonany emboies, venous
thrombosis or clodting disordar

Aciive liver disease

Undiagrased abmonmal vaginal bleeding

Figure 5. Contemporary approach to prescribing hormone therapy (HT) and HT risk assess mant.

HT & spproprate for breabment of vasomotor sympioms @ women who are otharwise hegtthy af the bme of menopauss, within 10 y of
menogause, end under ags 60 y. However, the decision to prescriba HT should sfill consider a woman's indivdusl candiovescular dsease (CVD)
risk factors and employ a shared decision-making approach. ASCVD indicatas atherosclentic CVD: CAC, coeonary ertery calcium: and TIA,

frensient ischemic atfack
O’Kelly AC. et al, Circ Research 2022




1\ Cochrane
slo? Library

Cochrane Database of Systematic Reviews

Hormone therapy for preventing cardiovascular disease in

post-menopausal women (Review)

Boardman HMP, Hartley L, Eisinga A, Main C, Roqué i Figuls M, Bonfill Cosp X, Gabriel Sanchez R,

Knight B Cochrane Database of Systematic Reviews 2015



Analysis 1.3. Comparison | Hormone therapy versus placebo in primary prevention, Outcome 3 Non-fatal
myocardial infarction.

Review:  Hormane therapy for preventing cardiovascular disease in post-menapausal women
Comparison: | Hormone therapy versus placebo in primary prevention

Outcome: 3 Non-fatal myocardial infarction

Study or subgroup HT Control Risk Ratio Weight Risk Ratio
HRandom 5% HRardom 5%

nfM n/N Cl Cl

DOPS 2012 1/502 4504 R 3% 0257003 224]
EPAT 7001 111 i — 08 % 100006, 1579
ERT 11 1979 1/84 84 = = | - 1.2% 033[004,3.14]
Greenspan 2005 1/187 3186 —_— T |2 % 033[003, 316
STOPIT 2001 8243 323 35% 1.35[0.36,500]
WHI 12002 151/8506 114/8102 n 44.1 % 126099, 161 ]
WHI I 2004 149/5310 168/5429 | 479 % 0911073 1.13]
Total (95% CI) 14943 14539 + 100.0 % 1.02 [ 0.80, 1.31 ]

Total events: 312 (HT), 296 (Control)

Heterogeneity: Tau® = 0.02; Chi? = 7.74, df = 6 (P = 026); I =23%
Test for overall effect: Z = 0.17 (P = 0.86)

lest for subgroup differences: Mot applicable

00 ol | I 50

Favours HIT Favours control



Analysis |.4. Comparison | Hormone therapy versus placebo in primary prevention, Outcome 4 Stroke.
Review: Hormone therapy for preventing cardiovascular disease in post-menopausal women
Comparison: | Hormone therapy versus placebo in primary prevention

Outcome: 4 Stroke

Study or subgroup HT Control Risk Ratio Weight Risk Ratio
HRandom55% HRandom95%

n/N n/N cl l

DOPS 2012 11502 14/504 T 43% 0.79[036, 1.72]
STOP IT 2001 10243 3123 1.6 % 1.69 [ 047, 602 ]
WHI 12002 15178506 10778102 - 434 % 1.34 [ 1.05, 1.72 ]
WHI I 2004 168/5310 127/5429 u 50.7 % 1.35[1.08, 1.70]
Total (95% CI) 14561 14158 |* 100.0 % 1.32[1.12,1.56 ]

lotal events: 340 (HT1), 251 (Control)

Heterogeneity: Tau* = 0.0; Chi* = 1.88, df = 3 (P = 0.60); I* =0.0%
lest for overall effect: /£ = 3.39 (P = 0.000/1)

Test for subgroup differences: Not applicable

002 0l 1 10 S0

Favours HT Favours control



Conclusions

T B B

Childhood Early Reproductive Late Reproductive Menopausal
I

» Facteurs de risques différents
* Prévalence
* Impact
» Spécifiques

« Echelles de risque adaptées
 Protocoles de recherche ciblés

* Opportunités de prévention



