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Infarction in France Study
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Pascal Motreff, MD, PhD; Najiba Lahlou, MD, PhD; Yves Cottin , MD, PhD; Claire Mounier- Vehier , MD, PhD; 
Martine Gilard , MD, PhD; Gilles Montalescot , MD, PhD;  for the WAMIF Investigators*

BACKGROUND: The percentage of women <50 years of age hospitalized with myocardial infarction is increasing. We describe 
the clinical, morphological, and biological characteristics, as well as the clinical outcomes of this population.

METHODS AND RESULTS: This prospective, observational study included consecutive women <50 years of age admitted for 
myocardial infarction at 30 centers in France (May 2017–June 2019). The primary outcome was the composite of net adverse 
clinical events: all- cause death, cardiovascular death, recurrent myocardial infarction, stent thrombosis, any stroke, or major 
bleeding occurring during hospitalization with a 12- month follow up. Three hundred fourteen women were included. The mean 
age was 43.0 (±5.7) years, 60.8% presented with ST- segment–elevation myocardial infarction, 75.5% were current smokers, 
31.2% had a history of complicated pregnancy, and 55.1% reported recent emotional stress. Most (91.6%) women presented 
with typical chest pain. Of patients on an estrogen- containing contraceptive, 86.0% had at least 1 contraindication. Of pa-
tients with ST- segment–elevation myocardial infarction, 17.8% had myocardial infarction with nonobstructive coronary arteries 
and 14.6% had spontaneous coronary artery dissection, whereas 29.3% presented with multivessel vessel disease. During 
hospitalization, 11 net adverse clinical events occurred in 9 (2.8%) women, but no deaths or stent thromboses occurred. By 
12 months, 14 net adverse clinical events occurred in 10 (3.2%) women; 2 (0.6%) died (from progressive cancer) and 25 (7.9%) 
had an ischemia- driven repeat percutaneous coronary intervention.

CONCLUSIONS: Most young women with myocardial infarction reported typical chest pain and had modifiable cardiovascular 
risk factors. History of adverse pregnancy outcomes and prescription of combined oral contraceptive despite a contraindica-
tion were prevalent, emphasizing the need for comprehensive cardiological and gynecological evaluation and follow- up.
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Cardiovascular disease is the leading cause of death 
in women.1 The rate of in- hospital death after myo-
cardial infarction (MI), although decreasing, remains 

substantially higher in women than in men, especially in 
women <50 years pf age.2–4 Thirty- day death from MI 
decreased for both sexes, but to a lesser extent among 
women, from 9.8% in 1995 to 2.6% in 2010 in men, but 
remains higher in women all ages combined (23.7% to 
9.8%, respectively).5 Whereas the risk of MI increases with 
age and in the presence of traditional cardiovascular risk 
factors such as hypertension and diabetes, the occur-
rence of MI in premenopausal woman is not exceptional, 
and the incidence is rising, from <10% in 1995 to >20% of 
all MI in 2010.2 Little is known about the effect of hormonal 
status and therapies, and of high- risk inflammatory and 
thrombophilia profiles, on the risk of MI in young women.

The WAMIF (Young Women Presenting Acute 
Myocardial Infarction in France) study was established 
to provide a comprehensive, systematic description 
of the clinical and biological characteristics of women 
<50 years of age hospitalized with an MI, and to assess 
their in- hospital and 12- month prognosis.

METHODS
Trial Design and Oversight
The prospective, multicenter, observational WAMIF 
study (Clini calTr ials. gov; Identifier: NCT03073447) 

was conducted from May 2017 to June 2019 at 30 
public and private interventional cardiology centers 
in France. The study involved all consecutive adult 
women ≤50 years of age admitted for ST- segment–el-
evation MI (STEMI) or non–ST- segment–elevation MI 
(NSTEMI). The data that support the findings of this 
study are available from the corresponding author 
upon reasonable request.

The WAMIF Steering Committee designed the 
protocol and statistical analysis plan, conducted and 
monitored the trial, and performed the statistical anal-
yses. The French Society of Cardiology funded the 
study. The study was approved by the Committee for 
the Protection of Persons of Île de France VI. Ethics 
committee approval was obtained at all participating 
institutions. The study was performed in accordance 
with the principles of the Declaration of Helsinki and of 
Good Clinical Practices. All participants provided in-
formed consent.

Participants
Participants were women >18 and ≤50 years of age who 
were admitted for MI as a primary diagnosis, required 
coronary angiography, and were eligible to receive medi-
cal care. MI was defined according to the Third Universal 
Definition6 and completed by the Fourth.7 Exclusion 
criteria were iatrogenic infarction, namely type 4a and 
5 myocardial infarction,7 death before hospitalization, 
other causes of thoracic pain syndrome with troponin 
elevation (eg, myocarditis, Takotsubo syndrome, sepsis), 
participation in another clinical study, and inability to un-
derstand the French language.

Data Collection
Management of MI, including the use of coronary 
angiography, complied with the European recom-
mendations in place at the time.8,9 Routine biological 
samples were taken at admission, during hospitaliza-
tion (≥24 hours after coronary angiography), and at dis-
charge. A blood sample (60 mL) was taken during the 
index hospitalization to create a serum bank for immu-
nological, genetic, and hormonal analyses.

Data were entered prospectively into an elec-
tronic case report form as original laboratory results. 
Information was collected on medical history according 
to the specified electronic Case Report Form including 
clinical and biological examinations, electrocardiograms, 
coronary angiography with or without percutaneous cor-
onary intervention, coronary imaging, mammography, 
and arterial echo Doppler (carotid and lower limb). The 
results of invasive and noninvasive imaging (intravascular 
ultrasound, optical coherence tomography, cardiac and 
cerebral magnetic resonance imaging, echo Doppler) 
and coronary spasm provocation tests were collected 
at sites that routinely used these techniques. For 

CLINICAL PERSPECTIVE

What Is New?
• In young women, the most frequent risk factor 

was tobacco use.
• History of adverse pregnancy outcomes and 

use of combined oral contraception despite 
contraindications were highly prevalent.

What Are the Clinical Implications?
• Eighty- six percent of women presenting with my-

ocardial infarction have at least 1 standard modifi-
able cardiovascular risk factor. The WAMIF (Young 
Women Presenting Acute Myocardial Infarction in 
France) study defined precisely the axes of com-
munication for prevention campaigns, as well 
as the areas of development of multidisciplinary 
collaboration to reverse the increasing burden of 
premature myocardial infarction in women.

Nonstandard Abbreviations and Acronyms

NACE net adverse clinical events
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assessment of 12- month outcomes, a telephone inter-
view with the patient or responsible medical team was 
conducted at 12 months to collect information on the 
occurrence of any net adverse clinical events (NACE). 
For any reported event, a medical report could has been 
obtained, and the event assessed.

Monitoring and audits, comprising checks on com-
pliance with the research protocol and procedures, 
patient eligibility, and data accuracy and complete-
ness, were performed by a clinical research associ-
ate appointed by the French Society of Cardiology. 
Monitoring took place at each site at least once during 
the study period.

Outcomes
The primary outcome was the composite of NACE, 
comprising all- cause death, cardiovascular death, 
recurrent MI, stent thrombosis, any stroke, or major 
bleeding occurring during hospitalization. Major bleed-
ing was defined as a Bleeding Academic Research 
Consortium type 3 to 5 bleeding event.10

Other analyses included the frequency of the follow-
ing nonatheromatous forms of MI: hematomas, spon-
taneous coronary dissections, and coronary spasms; 
the prevalence of cardiovascular risk factors, patholo-
gies linked to inflammation or thrombophilia, systemic 
disease, and hereditary disorders; the influence of hor-
monal variables; and the occurrence of NACE during 
the period from hospital discharge to 12 months.

High- risk thrombophilic profile was defined as at 
least 1 positive result for double heterozygosity for fac-
tor V Leiden mutation G1691A and factor II/prothrombin 
gene mutations G20210A, or homozygosity for factor 
V Leiden mutation G1691A, or homozygosity for factor 
II/prothrombin gene mutations G20210A or confirmed 
deficiency in antithrombin or protein C, or protein S, 
or confirmed positive anticardiolipin antibody immuno-
globulin G or immunoglobulin M or confirmed anti- beta 
2 glycoprotein 1 immunoglobulin G or immunoglobulin 
M, or confirmed positive lupus anticoagulant (Rosner 
or Dilute Russell’s viper venom time) or high level of 
homocysteine.

Statistical Analysis
Continuous variables are described as mean±SD or 
median with quartiles. Categorical variables are ex-
pressed as frequency with 95% CI. The population 
was categorized according to final diagnosis (STEMI or 
NSTEMI). Comparisons between STEMI and NSTEMI 
populations were performed using the Student t test. 
Pearson χ2 or Fisher tests (when expected value <5 in 
cell count) were used for categorical variables.

A P<0.05 was considered statistically significant. 
The statistical analysis was performed using SPSS 
software (version 26.0; IBM, Armonk, NY).

RESULTS
Participants
Between May 2017 and June 2019, 324 women were 
enrolled in the study, 10 of whom were excluded 
(Figure 1). Because completeness of prospective inclu-
sion was the cornerstone of this observational study, 
the acceptance rate by women was high in all partici-
pating centers, which were regularly monitored. The 
study population therefore comprised 314 women with 
a mean age of 43.0 (±5.7) years.

The final diagnosis was STEMI in 191 (60.8%) 
women and NSTEMI in 123 (39.2%) women. Overall, 
75.5% were current smokers, 40.1% were seden-
tary, 28.0% were obese, 14.6% had diabetes, 35.0% 
had a family history of premature cardiovascular dis-
ease, 26.4% had dyslipidemia, 26.4% had hyperten-
sion, but a minority were on antihypertension therapy 
(15.3%) or were taking a statin (8.2%) before admis-
sion. Depression was reported in 27.7%, 31.2% had 
an adverse pregnancy outcome (gestational diabetes, 
pre- eclampsia, preterm delivery, fetal hypotrophy, mac-
rosomia, or stillbirth), and 55.1% reported recent emo-
tional stress. Almost half (46.2%) had an Évaluation de 
la Précarité et des Inégalités de santé dans les Centres 
d’Examen de Santé: Assessment of Deprivation and 
Health Inequalities for Health Examination Centers 
score >30, indicating significant social deprivation.11 
Patient characteristics according to final diagnosis and 
age group are detailed in Table 1.12

Overall, 100 (31.8%) women were using a contra-
ceptive for the purpose of contraception; 43 (13.7%) 
were on combined contraception and 34 (10.8%) on 
oral progestin (Table S1). Among the 314 women, 49 
(15.6%) were postmenopausal and 8 (2.5%) were on 
hormone- replacement therapy. Of the 43 women on 
a combined contraceptive, 37 (86.0%) had at least 1 
contraindication for a combined contraceptive; 84.4% 
of these women >35 to ≤50 years of age were active 
smokers. The STEMI and NSTEMI populations were 
similar except in 4 particular risk factors. Patients with 
STEMI reported higher rates of insulin- treated diabetes 
at 9.4% versus 2.4%, risk difference of 7.0% (95% CI, 
1.4–12.2; P=0.019) and previous assisted reproduction 
therapy at 8.4% versus 2.4%, risk difference of 6.0% 
(95% CI, 0.5–11.0; P=0.005). Conversely, patients with 
NSTEMI were more often obese at 35% versus 24.6%, 
risk difference of 10.4% (95% CI, 0.1–20.7; P=0.048) 
and with previous neoplasia at 7.3% versus 2.1%, risk 
difference of 5.2% (95% CI, 0.6–11.4; P=0.038).

Maximum concentrations of creatine phosphoki-
nase were higher in women with STEMI versus 
NSTEMI (P=0.004) (Table  S2). One- fifth (18.8%) of 
women presented with a high homocysteine con-
centration, and 56 (17.8%) had a thrombophilic risk 
factor (Table  S3). Thirty of 314 (9.4%) women had 
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an inherited high- risk thrombophilic profile, with the 
highest prevalence among the patients with STEMI 
(Table  2). Hyperhomocysteinemia was the most fre-
quent (18.7%) thrombophilic risk factor (Table S3).

Characteristics of patients without standard modifi-
able risk factors such as current smoker, hypertension, 
dyslipidemia, and diabetes are detailed in Table S4.12

Presentation and Management
The presentation and early treatment (≤24 hours of pres-
entation) for women are detailed in Table 3. Out of 191 
women with STEMI, 175 women (91.6%) presented with 
chest pain, 59.7% had associated symptoms (nausea, 
vomiting, left arm pain, asthenia, sweats, dizziness, or 
palpitations), 10.5% had experienced symptoms for >1 
week, and 13.6% presented with cardiac arrest.

Out of 191 women with STEMI, 185 women un-
derwent primary percutaneous coronary intervention 
(Figure  1). The median time from symptom onset to 
first medical contact was >1 hour, and the median time 
from the first medical contact to coronary angiography 
exceeded 2 hours.

Angiographic data according to type of MI are given 
in Table 4. Nineteen women underwent intravascular 
imaging (Intravascular ultrasound or Optical coher-
ence tomography). Among women with STEMI, 1.0% 
had normal coronary arteries, 17.8% had nonobstruc-
tive atheroma, and 14.6% had spontaneous coronary 
artery dissection. Multivessel disease was found in 
29.3%.

Among 123 women with NSTEMI, 83 (67.5%) had 
percutaneous coronary intervention and 39 (31.7%) re-
ceived medical therapy (Figure 1). Eight women (6.5%) 
had normal coronary arteries, 12.2% had nonobstruc-
tive atheroma, and 16.3% had spontaneous coronary 
artery dissection. Multivessel disease was present in 
30.1% (Table 4).

Cardiovascular Events in the Hospital and 
at 12 Months
Eleven NACE occurred in 9 women during hospitali-
zation (Table  5) but no deaths or stent thromboses. 
Recurrent MI occurred in 5 women, all of whom had 

Figure 1. Flowchart.
CABG indicates coronary artery bypass graft; NSTEMI, non–ST- segment–elevation 
myocardial infarction; PCI, percutaneous coronary intervention; SCAD, spontaneous 
coronary artery dissection; STEMI, ST- segment–elevation myocardial infarction; and 
WAMIF, Young Women Presenting Acute Myocardial Infarction in France
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Table 1. Baseline Characteristics of Women With STEMI or NSTEMI

Variable Overall (N=314) STEMI (n=191) NSTEMI (n=123) P value

Age minimum, y 19 19 25

Age, y, mean±SD 42.9±5.7 42.6±6.2 43.6±4.9 0.17

Cardiovascular risk factors

Smoker (≤3 mo) 237 (75.5) 148 (77.5) 89 (72.4) 0.30

Diabetes 46 (14.6) 32 (16.8) 14 (11.4) 0.19

Insulin treated 21 (6.7) 18 (9.4) 3 (2.4) 0.019

Dyslipidemia 83 (26.4) 46 (24.1) 34 (27.6) 0.48

Hypertension 83 (26.4) 50 (26.2) 33 (26.8) 0.89

Family history of premature cardiovascular 
disease*

110 (35.0) 66 (34.6) 44 (35.8) 0.83

Obese (BMI ≥30 kg/m2) 88 (28.0) 47 (24.6) 43 (35.0) 0.048

Sedentary (<30 min/d) 126 (40.1) 76 (39.8) 49 (39.8) 0.99

No SMURF 44 (14.0) 25 (13.1) 19 (15.4) 0.61

Cardiovascular history

Previous myocardial infarction 19 (6.1) 11 (5.8) 8 (6.5) 0.79

PCI or CABG 16 (5.1) 9 (4.7) 7 (5.7) 0.70

Cardiac failure 1 (0.3) 0 1 (0.8) 0.39

Other cardiac surgery 0

Stroke or transient ischemic attack 6 (1.9) 4 (2.1) 2 (1.6) 0.99

Pulmonary embolism 18 (5.7) 12 (6.3) 6 (4.9) 0.80

Arrythmia 8 (2.5) 7 (3.7) 1 (0.8) 0.16

Other

Creatine clearance <60 mL/min per 1.73 m2 9 (2.9) 6 (3.1) 3 (2.4) 0.99

Depression (patient reported) 87 (27.7) 58 (30.4) 29 (23.6) 0.19

Excessive alcohol consumption† 18 (5.7) 12 (6.3) 6 (4.9) 0.60

Cannabis use 32 (10.2) 21 (11.0) 11 (8.9) 0.56

Systemic disease‡ 9 (2.9) 5 (2.6) 4 (3.3) 0.74

Neoplasia 13 (4.1) 4 (2.1) 9 (7.3) 0.038

Migraine 105 (33.4) 60 (31.4) 45 (36.6) 0.34

Gynecological and obstetric history

No. of pregnancies, mean±SD 2.8±2.2 2.8±2.5 2.7±1.8 0.86

Pregnancy with adverse outcome§ 98 (31.2) 65 (40.1) 33 (29.5) 0.07

Menopause‖ 49 (15.6) 30 (15.7) 19 (15.4) 0.85

Hormonal contraception 115 (36.6) 75 (46.9) 40 (39.2) 0.22

Assisted reproduction 19 (6.1) 16 (8.4) 3 (2.4) 0.05

Recent emotional stress 174 (55.6) 98 (51.3) 76 (62.3) 0.056

EPICES score >30¶ 145 (46.2) 84 (44.0) 57 (46.3) 0.73

Treatment before admission

Aspirin 24 (7.6) 13 (6.8) 11 (0.08) 0.60

Statin 26 (8.2) 16 (8.4) 10 (8.1) 0.94

P2Y12 inhibitor 4 (1.3) 1 (0.5) 3 (2.4) 0.30

Oral anticoagulation 9 (2.9) 3 (1.6) 6 (4.9) 0.16

Antihypertensive therapy 48 (15.3) 28 (14.7) 20 (16.3) 0.70

Steroids 12 (3.8) 5 (2.6) 7 (5.7) 0.23

Nonsteroidal anti- inflammatory drugs 15 (4.8) 9 (4.7) 6 (4.9) 0.99

Antidepression drugs 39 (12.4) 26 (13.6) 13 (10.6) 0.43

Results are shown as n (%) or mean±SD. BMI indicates body mass index; CABG, coronary artery bypass grafting; EPICES, Évaluation de la Précarité et des 
Inégalités de santé dans les Centres d’Examen de Santé: Assessment of Deprivation and Health Inequalities for Health Examination Centers; NSTEMI, non–
ST- segment–elevation myocardial infarction; PCI, percutaneous coronary intervention; SMURF, standard modifiable risk factor: current smoker, hypertension, 
dyslipidemia, diabetes12; and STEMI, ST- segment–elevation myocardial infarction.

*Father’s age <55 y, mother’s age <65 y.
†>2 drinks per d.
‡Lupus, Behçet’s disease, antiphospholipid syndrome, vasculitis, chronic rheumatismal inflammation.
§Gestational diabetes, pre- eclampsia, preterm delivery, fetal hypotrophy, macrosomia, or stillbirth.
‖Reported by patient as amenorrhea for 12 mo without any other obvious pathological or physiological cause.
¶Deprivation score, measure of precariousness, a score of >30 indicates more deprived.11
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spontaneous coronary artery dissection that had 
initially been medically treated with extension of the 
dissection.

Complete follow- up was obtained for all of the 
women included. At 12 months, 90.4% (284 out of 314) 
of the patients were well and event free, 58.0% (n=182) 
had followed the rehabilitation program, 72.6% (n=228) 
were asymptomatic, and 74.0% (n=232) had returned 
to their normal professional activities. Fourteen NACE 

occurred in 10 women after discharge from the hospital 
(Table 5). Figure 2 shows the time course of a first NACE 
according to age group and STEMI or NSTEMI. Two 
deaths occurred, 1 linked to pulmonary cancer and 1 to 
ovarian cancer. In addition to NACE, 38 patients (12.1%) 
had been admitted to the emergency department for 
recurrent chest pain, none of whom showed electro-
cardiographic changes or troponin elevation consistent 
with MI.

Table 2. Thrombophilia Profile According to STEMI or NSTEMI Diagnosis

Variable Overall (N=314) STEMI (n=191) NSTEMI (n=123) P value

High- risk thrombophilic profile

Inherited 30 (9.4) 24 (12.6) 6 (4.9) 0.029

Acquired (antiphospholipid antibodies) 18 (5.7) 9 (4.7) 9 (7.3) 0.33

Hyperhomocysteinemia 59 (18.8) 36 (18.8) 23 (18.7) 0.99

Anti- nuclear factor 34 (10.8) 21 (11.0) 13 (10.6) 0.99

Results are shown as n (%). NSTEMI indicates non–ST- segment–elevation myocardial infarction; and STEMI, ST- segment–elevation myocardial infarction.

Table 3. MI Presentation, Treatment, and Medications Within 24 H

Variable STEMI (n=191) NSTEMI (n=123) P value

MI presentation

Chest pain 175 (91.6) 106 (86.2) 0.125

Symptoms lasting >1 wk 20 (10.5) 16 (13)

Associated symptoms* 114 (59.7) 79 (64.2) 0.42

Linked to effort 27 (14.1) 21 (17.1) 0.48

Linked to emotional stress 27 (14.1) 19 (15.1) 0.75

Syncope 10 (5.2) 3 (2.4) 0.26

Cardiac arrest 26 (13.6) 2 (1.6) <0.001

Acute heart failure 5 (2.62) 0 0.16

Heart rate at admission, bpm 80.0 (68.0–89.0) 77 (70–90) 0.79

Systolic blood pressure at admission, mm Hg 122.5 (110.0–144.0) 135.0 (122.0–151.0) <0.001†

Time from symptom onset to first medical contact, min 90.0 (55.0–300.0) [1 h 50 min] 139.0 (60.0–600.0) 0.048

Delay to hospital presentation >12 h 20 (12.0) 18 (20.0) 0.084

Time from first medical contact to coronary 
angiography, min

127.0 (72.0–292.0) [2 h 12 min] 1232 (745–1579.0) <0.001†

Total ischemic time (from pain to TIMI 3 flow), min 264.0 (165.0–619.0) [4 h 24 min] 1416.0 (924.0–2992.0) <0.001†

Troponin level at admission, ng/mL 23.0 (1.0–292.0) 14 (0.54–62.0) 0.019†

Cardiac medications within 24 h of admission

Fibrinolysis 6 (3.1) 0 0.085

Unfractionated heparin 82 (42.9) 28 (30.1) 0.005

Low- molecular- weight heparin (enoxaparin) 86 (45.0) 41 (44.1) 0.34

Glycoprotein IIb/IIIa inhibitor 11 (5.8) 3 (2.4) 0.26

Aspirin 182 (95.3) 110 (89.4) 0.047

Ticagrelor 126 (65.9) 61 (49.6) 0.004

Prasugrel 29 (15.2) 5 (4.1) 0.001

Clopidogrel 12 (6.3) 9 (7.3) 0.72

Results are shown as n (%) or median (quartile 1–quartile 3). MI indicates myocardial infarction; NSTEMI, non–ST- segment–elevation myocardial infarction; 
STEMI, ST- segment–elevation myocardial infarction; and TIMI, Thrombolysis In Myocardial Infarction.

*Nausea 43 (22.5%), asthenia 6 (3%), sweats 15 (7.9%), dizziness 17 (8.9%), palpitations 3 (1%).
†Student t test for comparison.
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DISCUSSION
In this prospective observational study, all women 
<50 years of age admitted for MI were prospectively 
and exhaustively included. The cutoff of 50 years of 
age was chosen to focus on premenopausal women.13 
The overall prognosis for these young women was 
good despite the high rate of emergency consultations 
in the year following the MI (Figure 3).

Cardiovascular Disease Risk Factors
Awareness of cardiovascular disease in women has 
risen over the past decade, yet cardiovascular risk 
still tends to be underestimated by both the pub-
lic and health care practitioners,1 especially among 
younger women,14–30 highlighting the need to develop 

sex- specific approaches to optimize treatment of car-
diovascular disease in women.1 Also of concern is 
the rise in the incidence of acute MI among younger 
women.31

Three- quarters of the women were current 
smokers, 40.1% were sedentary, and 28.0% were 
obese, indicating key opportunities for prevention 
through the implementation of programs for smok-
ing cessation and adoption of a healthy lifestyle.32 
Furthermore, 26.4% of the women had dyslipidemia, 
yet only 8.2% of the overall population were tak-
ing a statin before admission. Similarly, 26.4% had 
hypertension, but only 15.3% of the overall popu-
lation were on antihypertension therapy. In compar-
ison, a high- risk thrombophilic profile accounted for 
a much lower proportion of patients. Over 10% of 
the participants reported that their symptoms had 
lasted >1 week. These findings indicate a failure of 
patients to recognize the severity of their symptoms 
and the need to seek medical attention. They also 
highlight the need for cooperation between med-
ical specialties to ensure appropriate management 
of this young, at- risk population and the early in-
stigation of recommended treatments and lifestyle 
changes.32 In particular, it was striking to observe 
that among women using combined contraception, 
37 of 43 had at least 1 contraindication according 
to the World Health Organization recommendations, 
most commonly age and smoking. A recent system-
atic review involving women from various countries33 
also reported prevalence rates ranging from 5.9% to 
41.9% for the use of contraceptives in women with 
contraindications; the most prevalent risk factor was 
hypertension followed by smoking and age, as in our 
study.

Alongside established cardiovascular risk factors, 
several other factors appear to contribute to cardio-
vascular risk among women. These include psychoso-
cial, economic, social, and cultural factors, as well as 
obstetric and gynecological history. Our study showed 
a high rate of adverse pregnancy outcomes (31.2%), 
which exceeds that in the general female population 
(25%)34 but is lower than that in the VIRGO (Variation in 
Recovery: Role of Gender on Outcomes of Young AMI 
Patients) study in the United States (45.3%).20 History 
of adverse pregnancy outcomes has been shown to 
increase the risk of accelerated atherosclerosis and 
premature coronary artery diseases.35

Over half of the participants reported recent emo-
tional stress, with 14.1% being linked to the MI, and 
46.2% had an Évaluation de la Précarité et des 
Inégalités de santé dans les Centres d’Examen 
de Santé: Assessment of Deprivation and Health 
Inequalities for Health Examination score >30, both 
of which are regarded as important risk factors for 
the development of cardiovascular disease. Of note, 

Table 4. Angiographic Data According to STEMI or 
NSTEMI Diagnosis

Variable
STEMI 
(n=191)

NSTEMI 
(n=123) P value

Radial approach 162 (84.8) 116 (94.3) 0.01

Normal coronary arteries 2 (1.0) 8 (6.5) 0.016

MINOCA 34 (17.8) 15 (12.2) 0.18

Coronary spasm 4 (2.1) 5 (4.1) 0.32

Culprit artery identified 185 (96.9) 110 (89.3) 0.015

Left main 3 (1.6) 1 (0.8)

Left anterior descending 94 (49.2) 67 (54.5)

Circumflex 20 (10.5) 15 (12.2)

Right coronary artery 68 (35.6) 27 (21.9)

Left main disease 22 (11.5) 7 (5.7) 0.08

Single- vessel disease 133 (69.6) 78 (63.4) 0.06

Multivessel disease 56 (29.3) 37 (30.1) 0.78

Spontaneous coronary artery 
dissection*

28 (14.6) 20 (16.3) 0.36

Iatrogenic dissection 5 (2.6) 3 (3.6) 0.40

TIMI 0 flow 88 (46.1) 22 (17.9) <0.001

Left ventricular ejection 
fraction, %

51.0 (11.3) 56.2 (8.6) <0.001

Percutaneous coronary 
intervention

155 (81.1) 83 (67.5) 0.003

Thromboaspiration† 38 (24.5) 6 (7.2) 0.001

Direct stenting† 83 (53.5) 39 (46.9) 0.34

Drug- eluting stent† 135 (87.1) 74 (89.2) 0.49

Bioresorbable scaffold† 3 (1.9) 0 0.55

Balloon only† 12 (7.7) 5 (6.0) 0.62

Procedural complication‡ 7 (4.5) 5 (6.0) 0.55

Results are shown as n (%). MINOCA indicates myocardial infarction 
with nonobstructive coronary arteries; NSTEMI, non- ST- segment elevation 
myocardial infarction; STEMI, ST- segment elevation myocardial infarction; 
and TIMI, Thrombolysis In Myocardial Infarction.

*Possible or definite.
†Percentage calculated among patients treated by percutaneous coronary 

intervention.
‡Any complication (eg, embolism, rupture, slow flow).
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the prevalence of cigarette and cannabis smoking in 
our cohort was more common than in women in the 
YOUNG- MI study (retrospective study examining a co-
hort of young adults age ≤ 50 years with a first- time 
myocardial infarction) in the United States36: cigarettes 
(75.5% versus 55.5%) and cannabis (10.5% versus 
3.7%). None of the participants reported the use of il-
licit drugs other than cannabis.

Of note, our cohort included 44 patients (14.0%) 
with no standard modifiable risk factors37 similar to the 
proportion reported in an analysis from the Swedish 
myocardial infarction registry.38 Nevertheless, we 
found some recent or specific risk factors among this 
subgroup (Table  S4). Spontaneous coronary artery 
dissection was definite or possible in 23 women, and 
12 presented with a thrombolysis in myocardial infarc-
tion (TIMI) flow of 0. Their prognosis was good, with 
no NACE at 12 months and only 3 emergency depart-
ment consultations for chest pain without ischemia. 

The potential effect of such factors, along with social 
deprivation, should be investigated further in the man-
agement of young women.

Presentation and Angiographic Features
The most frequent symptom of acute MI, regardless of 
age, is chest pain.39 Despite the preconceived rate of 
atypical presentations among women, 9 in 10 partici-
pants in our study presented with typical chest pain, 
similar to the rates reported in men and women in the 
YOUNG- MI study.36 A further 59.7% reported associ-
ated symptoms, consistent with the VIRGO study, in 
which young women presented with chest pain as fre-
quently as men but with a higher number of associated 
symptoms.24

Most of the women had obstructive coronary artery 
disease, with the remaining 15.6% having myocardial 
infarction with nonobstructive coronary arteries (34 
STEMI and 15 NSTEMI). In the YOUNG- MI study in the 
United States,36 the rate of myocardial infarction with 
nonobstructive coronary arteries among similarly aged 
women (mean 44 [±5.1] years) was 10.2%, which was 
significantly higher than that among young men with MI 
(4.2%, P<0.001). The rate of spontaneous coronary ar-
tery dissection in the present study was 15.3% (14.6% 
of STEMI and 16.3% of NSTEMI), which compares with 
7.2% in women and 0.2% in men in the YOUNG- MI 
study,36 probably linked to high- volume investigative 
centers that are particularly aware of this entity.

Outcomes and Follow- Up
The overall prognosis for these young women was 
better than previously reported.40 Interestingly, in 
the WAMIF study, performed in high- volume centers 

Table 5. Number of NACE During Hospitalization and 
From Discharge to 12 Mo

Event
During 
hospitalization

Discharge to 
12 mo

No. of women with at least 1 
event

9 10

NACE 11 14

Recurrent myocardial infarction 5 7

Stroke 3 0

Major bleed 3 3

Stent thrombosis 0 2

Death 0 2*

NACE indicates net adverse clinical events.
*Both were due to cancer.

Figure 2. Cumulative incidence of first NACE in women.
Between the brackets are reported pointwise 95% CIs. NACE indicates net adverse 
clinical events; NSTEMI, non- ST- segment elevation myocardial infarction; and STEMI, 
ST- segment elevation myocardial infarction.
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sensitized and mobilized on the specificities of the 
management of coronary disease for women, the in- 
hospital mortality rate was null and was low in the year 
following the event, without cardiovascular deaths. 
During the 12 months of follow- up, a sizable percent-
age of our population presented to the emergency de-
partment for chest pain unrelated to unstable angina, 
emphasizing the high levels of stress reported and the 
need for a better network of follow- up among in these 
young women.

Limitations
Women who died before hospitalization were not eligi-
ble to participate and may have had higher risk charac-
teristics than those who were enrolled.

Our aim was to focus on young premenopausal 
women, yet 16% of the women included reported 
being postmenopausal. We decided to use an age- 
inclusion criterion, because 50 years of age is the 
mean age of menopause, instead of menopause as 
an exclusion criterion, which could be difficult for the 
patient to clearly report.

Lastly, it is important to underline that the use of 
multiple statistical tests increased the α risk. Among 
the 89 statistical tests performed for this analysis, we 
would expect 4 statistically significant results. We ob-
served 24 statistically significant results so that ≈20 
may have been observed by chance. However, given 

the design and the exploratory purpose of this cohort 
study, no adjustment nor hierarchical hypothesis was 
performed.

CONCLUSIONS
To our knowledge, WAMIF is the first study specifically 
analyzing the specificity of women- related character-
istics in MI. History of adverse pregnancy outcomes 
and use of combined contraception in women despite 
contraindication(s) were highly prevalent, emphasiz-
ing the need for better cardiological and gynecologi-
cal evaluation and follow- up. This study, focusing on 
young women with MI, highlights the effect of sex- 
specific risk factors. The overall prognosis for this fe-
male population was better than previously reported 
despite the high rate of emergency consultations in the 
year following the index MI, highlighting the need for 
more comprehensive follow- up.

ARTICLE INFORMATION
Received January 12, 2024; accepted July 1, 2024.

Affiliations
Sorbonne University, Institute of Cardiology—Hôpital Pitié- Salpêtrière (AP- 
HP), ACTION Study Group, Paris, France (S.M.); Chest Diseases, CHU_Brest, 
INSERM U1304, Univ_Brest, Brest, Brest, France (F.C., M.G.); Cardiology, 
Hospital of Antibes Juan Les Pins, Antibes, France (A.B.); ACTION Study 
Group, Paris, France (A.B., G.M.); Gynecology, University Paris Cité, Paris, 

Figure 3. WAMIF study main results.
AMI indicates acute myocardial infarction; MINOCA, myocardial infarction with nonobstructive coronary arteries; NACE, net adverse clinical 
events; SCAD, spontaneous coronary artery dissection; and WAMIF, Young Women Presenting Acute Myocardial Infarction in France

D
ow

nloaded from
 http://ahajournals.org by on Septem

ber 26, 2024



J Am Heart Assoc. 2024;13:e034456. DOI: 10.1161/JAHA.124.034456 10

Manzo- Silberman et al Young Women With Acute Myocardial Infarction

France (A.G.); Hospital Lariboisiere, CREATIF, Paris, France (L.D., C.B.S.); 
Cardiology, University Hospital of Grenoble, Grenoble, France (E.V., S.M.); 
Department of Cardiology, Haguenau Hospital, Haguenau, France (S.U.); 
Department of Cardiology, Normandie University, UNIROUEN, U1096, CHU 
Rouen, Rouen, France (H.E.); French Society of Cardiology, Paris, France 
(T.B.); Cardiology, University Hospital Gabriel Montpied, Clermont- Ferrand, 
France (P.M.); Specialized Hormonology and Metabolism Laboratory, AP- 
HP Centre Hôpital Cochin, Paris University, Paris, France (N.L.); Cardiology, 
University Hospital of Dijon, Dijon, France (Y.C.); and Chru De Lille—Institut 
Coeur- Poumons, Lille, France (C.M.).

Acknowledgments
The authors thank the women who participated in the study. Dr Rushton- 
Smith (MedLink Healthcare Communications, London) provided writing as-
sistance in the preparation of the article, funded by the French Society of 
Cardiology.

Sources of Funding
This work was supported by the French Society of Cardiology, French 
Federation of Cardiology, Institut des Vaisseaux et du Sang, Biosensors 
Europe SA (BESA), AstraZeneca, Boston Scientific Corporation, Abbott 
Vascular, Terumo Corporation, Daiichi Sankyo, Hexacath France, Biotronik, 
Novartis, Pfizer, Stentys Eur.

Disclosures
None.

Supplemental Material
WAMIF Investigators and Steering Committee
Tables S1–S4

REFERENCES
 1. Vogel B, Acevedo M, Appelman Y, Bairey Merz CN, Chieffo A, Figtree GA, 

Guerrero M, Kunadian V, Lam CSP, Maas A, et al. The lancet women and 
cardiovascular disease commission: reducing the global burden by 2030. 
Lancet. 2021;397:2385–2438. doi: 10.1016/S0140- 6736(21)00684- X

 2. Vaccarino V, Parsons L, Every NR, Barron HV, Krumholz HM. Sex- 
based differences in early mortality after myocardial infarction. 
National Registry of myocardial infarction 2 participants. N Engl J Med. 
1999;341:217–225. doi: 10.1056/NEJM199907223410401

 3. Champney KP, Frederick PD, Bueno H, Parashar S, Foody J, Merz CN, 
Canto JG, Lichtman JH, Vaccarino V; Investigators N. The joint contri-
bution of sex, age and type of myocardial infarction on hospital mortal-
ity following acute myocardial infarction. Heart. 2009;95:895–899. doi: 
10.1136/hrt.2008.155804

 4. Manzo- Silberman S, Couturaud F, Charpentier S, Auffret V, El Khoury 
C, Le Breton H, Belle L, Marliere S, Zeller M, Cottin Y, et al. Influence 
of gender on delays and early mortality in ST- segment elevation myo-
cardial infarction: insight from the first French Metaregistry, 2005- 2012 
patient- level pooled analysis. Int J Cardiol. 2018;262:1–8. doi: 10.1016/j.
ijcard.2018.02.044

 5. Puymirat E, Simon T, Steg PG, Schiele F, Gueret P, Blanchard D, Khalife 
K, Goldstein P, Cattan S, Vaur L, et al. Association of changes in clinical 
characteristics and management with improvement in survival among 
patients with ST- elevation myocardial infarction. JAMA. 2012;308:998–
1006. doi: 10.1001/2012.jama.11348

 6. Thygesen K, Alpert JS, Jaffe AS, Simoons ML, Chaitman BR, White 
HD. Third universal definition of myocardial infarction. Eur Heart J. 
2012;33:2551–2567. doi: 10.1093/eurheartj/ehs184

 7. Thygesen K, Alpert JS, Jaffe AS, Chaitman BR, Bax JJ, Morrow DA, 
White HD; Group ESCSD. Fourth universal definition of myocardial in-
farction (2018). Eur Heart J. 2019;40:237–269.

 8. Roffi M, Patrono C, Collet JP, Mueller C, Valgimigli M, Andreotti F, Bax 
JJ, Borger MA, Brotons C, Chew DP, et al. 2015 ESC guidelines for the 
management of acute coronary syndromes in patients presenting with-
out persistent ST- segment elevation: task force for the Management of 
Acute Coronary Syndromes in patients presenting without persistent 
ST- segment elevation of the European Society of Cardiology (ESC). Eur 
Heart J. 2016;37:267–315. doi: 10.1093/eurheartj/ehv320

 9. Ibanez B, James S, Agewall S, Antunes MJ, Bucciarelli- Ducci C, Bueno 
H, Caforio ALP, Crea F, Goudevenos JA, Halvorsen S, et  al. 2017 

ESC guidelines for the management of acute myocardial infarction in 
patients presenting with ST- segment elevation: the task force for the 
management of acute myocardial infarction in patients presenting with 
ST- segment elevation of the European Society of Cardiology (ESC). Eur 
Heart J. 2018;39:119–177. doi: 10.1093/eurheartj/ehx393

 10. Mehran R, Rao SV, Bhatt DL, Gibson CM, Caixeta A, Eikelboom J, 
Kaul S, Wiviott SD, Menon V, Nikolsky E, et al. Standardized bleeding 
definitions for cardiovascular clinical trials: a consensus report from the 
bleeding academic research consortium. Circulation. 2011;123:2736–
2747. doi: 10.1161/CIRCULATIONAHA.110.009449

 11. Labbe E, Blanquet M, Gerbaud L, Poirier G, Sass C, Vendittelli F, Moulin 
JJ. A new reliable index to measure individual deprivation: the EPICES 
score. Eur J Pub Health. 2015;25:604–609. doi: 10.1093/eurpub/
cku231

 12. Vernon ST, Coffey S, D’Souza M, Chow CK, Kilian J, Hyun K, Shaw 
JA, Adams M, Roberts- Thomson P, Brieger D, et  al. ST- segment- 
elevation myocardial infarction (STEMI) patients without standard mod-
ifiable cardiovascular risk factors- how common are they, and what 
are their outcomes? J Am Heart Assoc. 2019;8:e013296. doi: 10.1161/
JAHA.119.013296

 13. 2019 surveillance of menopause: diagnosis and management (NICE 
guideline NG23). 2019.

 14. Udell JA, Fonarow GC, Maddox TM, Cannon CP, Frank Peacock W, 
Laskey WK, Grau- Sepulveda MV, Smith EE, Hernandez AF, Peterson 
ED, et  al. Sustained sex- based treatment differences in acute cor-
onary syndrome care: insights from the American Heart Association 
get with the guidelines coronary artery disease registry. Clin Cardiol. 
2018;41:758–768. doi: 10.1002/clc.22938

 15. Redfors B, Angeras O, Ramunddal T, Petursson P, Haraldsson I, 
Dworeck C, Odenstedt J, Ioaness D, Ravn- Fischer A, Wellin P, et  al. 
Trends in gender differences in cardiac care and outcome after acute 
myocardial infarction in Western Sweden: a report from the Swedish 
web system for enhancement of evidence- based Care in Heart Disease 
Evaluated According to recommended therapies (SWEDEHEART). J 
Am Heart Assoc. 2015;4:e001995. doi: 10.1161/JAHA.115.001995

 16. Nanna MG, Wang TY, Xiang Q, Goldberg AC, Robinson JG, Roger VL, 
Virani SS, Wilson PWF, Louie MJ, Koren A, et al. Sex differences in the 
use of statins in community practice. Circ Cardiovasc Qual Outcomes. 
2019;12:e005562. doi: 10.1161/CIRCOUTCOMES.118.005562

 17. Spatz ES, Curry LA, Masoudi FA, Zhou S, Strait KM, Gross CP, Curtis 
JP, Lansky AJ, Soares Barreto- Filho JA, Lampropulos JF, et  al. The 
variation in recovery: role of gender on outcomes of young AMI patients 
(VIRGO) classification system: a taxonomy for young women with acute 
myocardial infarction. Circulation. 2015;132:1710–1718. doi: 10.1161/
CIRCULATIONAHA.115.016502

 18. Smolderen KG, Strait KM, Dreyer RP, D’Onofrio G, Zhou S, Lichtman 
JH, Geda M, Bueno H, Beltrame J, Safdar B, et al. Depressive symp-
toms in younger women and men with acute myocardial infarction: in-
sights from the VIRGO study. J Am Heart Assoc. 2015;4:e001424. doi: 
10.1161/JAHA.114.001424

 19. Sciria CT, Dreyer RP, D’Onofrio G, Safdar B, Krumholz HM, Spatz ES. 
Application of the VIRGO taxonomy to differentiate acute myocardial 
infarction in young women. Int J Cardiol. 2019;288:5–11. doi: 10.1016/j.
ijcard.2019.03.054

 20. Safdar B, Spatz ES, Dreyer RP, Beltrame JF, Lichtman JH, Spertus 
JA, Reynolds HR, Geda M, Bueno H, Dziura JD, et  al. Presentation, 
clinical profile, and prognosis of young patients with myocardial in-
farction with nonobstructive coronary arteries (MINOCA): results from 
the VIRGO study. J Am Heart Assoc. 2018;7:e009174. doi: 10.1161/
JAHA.118.009174

 21. Lu Y, Zhou S, Dreyer RP, Spatz ES, Geda M, Lorenze NP, D’Onofrio 
G, Lichtman JH, Spertus JA, Ridker PM, et al. Sex differences in in-
flammatory markers and health status among young adults with acute 
myocardial infarction: results from the VIRGO (variation in recovery: role 
of gender on outcomes of young acute myocardial infarction patients) 
study. Circ Cardiovasc Qual Outcomes. 2017;10:e003470. doi: 10.1161/
CIRCOUTCOMES.116.003470

 22. Lu Y, Zhou S, Dreyer RP, Caulfield M, Spatz ES, Geda M, Lorenze NP, 
Herbert P, D’Onofrio G, Jackson EA, et al. Sex differences in lipid pro-
files and treatment utilization among young adults with acute myocardial 
infarction: results from the VIRGO study. Am Heart J. 2017;183:74–84. 
doi: 10.1016/j.ahj.2016.09.012

 23. Lu Y, Ding Q, Xu X, Spatz ES, Dreyer RP, D’Onofrio G, Caulfield M, 
Nasir K, Spertus JA, Krumholz HM. Sex differences in Omega- 3 and 

D
ow

nloaded from
 http://ahajournals.org by on Septem

ber 26, 2024

https://doi.org//10.1016/S0140-6736(21)00684-X
https://doi.org//10.1056/NEJM199907223410401
https://doi.org//10.1136/hrt.2008.155804
https://doi.org//10.1016/j.ijcard.2018.02.044
https://doi.org//10.1016/j.ijcard.2018.02.044
https://doi.org//10.1001/2012.jama.11348
https://doi.org//10.1093/eurheartj/ehs184
https://doi.org//10.1093/eurheartj/ehv320
https://doi.org//10.1093/eurheartj/ehx393
https://doi.org//10.1161/CIRCULATIONAHA.110.009449
https://doi.org//10.1093/eurpub/cku231
https://doi.org//10.1093/eurpub/cku231
https://doi.org//10.1161/JAHA.119.013296
https://doi.org//10.1161/JAHA.119.013296
https://doi.org//10.1002/clc.22938
https://doi.org//10.1161/JAHA.115.001995
https://doi.org//10.1161/CIRCOUTCOMES.118.005562
https://doi.org//10.1161/CIRCULATIONAHA.115.016502
https://doi.org//10.1161/CIRCULATIONAHA.115.016502
https://doi.org//10.1161/JAHA.114.001424
https://doi.org//10.1016/j.ijcard.2019.03.054
https://doi.org//10.1016/j.ijcard.2019.03.054
https://doi.org//10.1161/JAHA.118.009174
https://doi.org//10.1161/JAHA.118.009174
https://doi.org//10.1161/CIRCOUTCOMES.116.003470
https://doi.org//10.1161/CIRCOUTCOMES.116.003470
https://doi.org//10.1016/j.ahj.2016.09.012


J Am Heart Assoc. 2024;13:e034456. DOI: 10.1161/JAHA.124.034456 11

Manzo- Silberman et al Young Women With Acute Myocardial Infarction

- 6 fatty acids and health status among young adults with acute myo-
cardial infarction: results from the VIRGO study. J Am Heart Assoc. 
2018;7:e008189. doi: 10.1161/JAHA.117.008189

 24. Lichtman JH, Leifheit EC, Safdar B, Bao H, Krumholz HM, Lorenze 
NP, Daneshvar M, Spertus JA, D’Onofrio G. Sex differences in the 
presentation and perception of symptoms among young patients with 
myocardial infarction: evidence from the VIRGO study (variation in re-
covery: role of gender on outcomes of young AMI patients). Circulation. 
2018;137:781–790. doi: 10.1161/CIRCULATIONAHA.117.031650

 25. Leifheit- Limson EC, D’Onofrio G, Daneshvar M, Geda M, Bueno H, 
Spertus JA, Krumholz HM, Lichtman JH. Sex differences in cardiac 
risk factors, perceived risk, and health care provider discussion of risk 
and risk modification among young patients with acute myocardial in-
farction: the VIRGO study. J Am Coll Cardiol. 2015;66:1949–1957. doi: 
10.1016/j.jacc.2015.08.859

 26. Dreyer RP, Wang Y, Strait KM, Lorenze NP, D’Onofrio G, Bueno H, 
Lichtman JH, Spertus JA, Krumholz HM. Gender differences in the tra-
jectory of recovery in health status among young patients with acute 
myocardial infarction: results from the variation in recovery: role of 
gender on outcomes of young AMI patients (VIRGO) study. Circulation. 
2015;131:1971–1980. doi: 10.1161/CIRCULATIONAHA.114.014503

 27. Dreyer RP, Smolderen KG, Strait KM, Beltrame JF, Lichtman JH, 
Lorenze NP, D’Onofrio G, Bueno H, Krumholz HM, Spertus JA. Gender 
differences in pre- event health status of young patients with acute myo-
cardial infarction: a VIRGO study analysis. Eur Heart J Acute Cardiovasc 
Care. 2016;5:43–54. doi: 10.1177/2048872615568967

 28. D’Onofrio G, Safdar B, Lichtman JH, Strait KM, Dreyer RP, Geda M, 
Spertus JA, Krumholz HM. Sex differences in reperfusion in young 
patients with ST- segment- elevation myocardial infarction: results 
from the VIRGO study. Circulation. 2015;131:1324–1332. doi: 10.1161/
CIRCULATIONAHA.114.012293

 29. Bucholz EM, Strait KM, Dreyer RP, Lindau ST, D’Onofrio G, Geda M, 
Spatz ES, Beltrame JF, Lichtman JH, Lorenze NP, et al. Editor’s choice- 
sex differences in young patients with acute myocardial infarction: a 
VIRGO study analysis. Eur Heart J Acute Cardiovasc Care. 2017;6:610–
622. doi: 10.1177/2048872616661847

 30. Bucholz EM, Strait KM, Dreyer RP, Geda M, Spatz ES, Bueno H, 
Lichtman JH, D’Onofrio G, Spertus JA, Krumholz HM. Effect of low per-
ceived social support on health outcomes in young patients with acute 
myocardial infarction: results from the VIRGO (variation in recovery: 
role of gender on outcomes of young AMI patients) study. J Am Heart 
Assoc. 2014;3:e001252. doi: 10.1161/JAHA.114.001252

 31. Arora S, Stouffer GA, Kucharska- Newton AM, Qamar A, Vaduganathan 
M, Pandey A, Porterfield D, Blankstein R, Rosamond WD, Bhatt DL, 

et al. Twenty year trends and sex differences in young adults hospital-
ized with acute myocardial infarction. Circulation. 2019;139:1047–1056. 
doi: 10.1161/CIRCULATIONAHA.118.037137

 32. Visseren FLJ, Mach F, Smulders YM, Carballo D, Koskinas KC, Back M, 
Benetos A, Biffi A, Boavida JM, Capodanno D, et al. 2021 ESC guide-
lines on cardiovascular disease prevention in clinical practice. Eur Heart 
J. 2021;42:3227–3337. doi: 10.1093/eurheartj/ehab484

 33. Houvessou GM, Farias- Antunez S, da Silveira MF. Combined hor-
monal contraceptives use among women with contraindications ac-
cording to the WHO criteria: a systematic review. Sex Reprod Healthc. 
2021;27:100587. doi: 10.1016/j.srhc.2020.100587

 34. Epelboin S, Labrosse J, De Mouzon J, Fauque P, Gervoise- Boyer 
MJ, Levy R, Sermondade N, Hesters L, Bergere M, Devienne C, 
et  al. Obstetrical outcomes and maternal morbidities associated 
with COVID- 19 in pregnant women in France: a national retrospec-
tive cohort study. PLoS Med. 2021;18:e1003857. doi: 10.1371/journal.
pmed.1003857

 35. Park K, Wei J, Minissian M, Bairey Merz CN, Pepine CJ. Adverse preg-
nancy conditions, infertility, and future cardiovascular risk: implications 
for mother and child. Cardiovasc Drugs Ther. 2015;29:391–401. doi: 
10.1007/s10557- 015- 6597- 2

 36. DeFilippis EM, Collins BL, Singh A, Biery DW, Fatima A, Qamar A, 
Berman AN, Gupta A, Cawley M, Wood MJ, et al. Women who expe-
rience a myocardial infarction at a young age have worse outcomes 
compared with men: the mass general Brigham YOUNG- MI registry. 
Eur Heart J. 2020;41:4127–4137. doi: 10.1093/eurheartj/ehaa662

 37. Lu Y, Li SX, Liu Y, Rodriguez F, Watson KE, Dreyer RP, Khera R, 
Murugiah K, D’Onofrio G, Spatz ES, et al. Sex- specific risk factors asso-
ciated with first acute myocardial infarction in young adults. JAMA Netw 
Open. 2022;5:e229953. doi: 10.1001/jamanetworkopen.2022.9953

 38. Figtree GA, Vernon ST, Hadziosmanovic N, Sundstrom J, Alfredsson 
J, Arnott C, Delatour V, Leosdottir M, Hagstrom E. Mortality in STEMI 
patients without standard modifiable risk factors: a sex- disaggregated 
analysis of SWEDEHEART registry data. Lancet. 2021;397:1085–1094. 
doi: 10.1016/S0140- 6736(21)00272- 5

 39. Canto JG, Shlipak MG, Rogers WJ, Malmgren JA, Frederick PD, 
Lambrew CT, Ornato JP, Barron HV, Kiefe CI. Prevalence, clinical char-
acteristics, and mortality among patients with myocardial infarction pre-
senting without chest pain. JAMA. 2000;283:3223–3229. doi: 10.1001/
jama.283.24.3223

 40. Vaccarino V, Parsons L, Peterson ED, Rogers WJ, Kiefe CI, Canto J. 
Sex differences in mortality after acute myocardial infarction: changes 
from 1994 to 2006. Arch Intern Med. 2009;169:1767–1774. doi: 10.1001/
archinternmed.2009.332

D
ow

nloaded from
 http://ahajournals.org by on Septem

ber 26, 2024

https://doi.org//10.1161/JAHA.117.008189
https://doi.org//10.1161/CIRCULATIONAHA.117.031650
https://doi.org//10.1016/j.jacc.2015.08.859
https://doi.org//10.1161/CIRCULATIONAHA.114.014503
https://doi.org//10.1177/2048872615568967
https://doi.org//10.1161/CIRCULATIONAHA.114.012293
https://doi.org//10.1161/CIRCULATIONAHA.114.012293
https://doi.org//10.1177/2048872616661847
https://doi.org//10.1161/JAHA.114.001252
https://doi.org//10.1161/CIRCULATIONAHA.118.037137
https://doi.org//10.1093/eurheartj/ehab484
https://doi.org//10.1016/j.srhc.2020.100587
https://doi.org//10.1371/journal.pmed.1003857
https://doi.org//10.1371/journal.pmed.1003857
https://doi.org//10.1007/s10557-015-6597-2
https://doi.org//10.1093/eurheartj/ehaa662
https://doi.org//10.1001/jamanetworkopen.2022.9953
https://doi.org//10.1016/S0140-6736(21)00272-5
https://doi.org//10.1001/jama.283.24.3223
https://doi.org//10.1001/jama.283.24.3223
https://doi.org//10.1001/archinternmed.2009.332
https://doi.org//10.1001/archinternmed.2009.332

	Characteristics of Young Women Presenting With Acute Myocardial Infarction: The Prospective, Multicenter, Observational Young Women Presenting Acute Myocardial Infarction in France Study
	METHODS
	Trial Design and Oversight
	Participants
	Data Collection
	Outcomes
	Statistical Analysis

	RESULTS
	Participants
	Presentation and Management
	Cardiovascular Events in the Hospital and at 12 Months

	DISCUSSION
	Cardiovascular Disease Risk Factors
	Presentation and Angiographic Features
	Outcomes and Follow-Up
	Limitations

	CONCLUSIONS
	Acknowledgments
	Sources of Funding
	Disclosures
	References


