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Aims There are sex differences in presentation, treatment, and outcomes of myocardial infarction (MI) but less is known
about these differences in a younger patient population. The objective of this study was to investigate sex differen-
ces among individuals who experience their first MI at a young age.

...................................................................................................................................................................................................
Methods
and results

Consecutive patients presenting to two large academic medical centres with a Type 1 MI at <_50 years of age be-
tween 2000 and 2016 were included. Cause of death was adjudicated using electronic health records and death
certificates. In total, 2097 individuals (404 female, 19%) had an MI (mean age 44 ± 5.1 years, 73% white). Risk factor
profiles were similar between men and women, although women were more likely to have diabetes (23.7% vs.
18.9%, P = 0.028). Women were less likely to undergo invasive coronary angiography (93.5% vs. 96.7%, P = 0.003)
and coronary revascularization (82.1% vs. 92.6%, P < 0.001). Women were significantly more likely to have MI with
non-obstructive coronary disease on angiography (10.2% vs. 4.2%, P < 0.001). They were less likely to be discharged
with aspirin (92.2% vs. 95.0%, P = 0.027), beta-blockers (86.6% vs. 90.3%, P = 0.033), angiotensin-converting enzyme
inhibitors/angiotensin-receptor blockers (53.4% vs. 63.7%, P < 0.001), and statins (82.4% vs. 88.4%, P < 0.001). There
was no significant difference in in-hospital mortality; however, women who survived to hospital discharge experi-
enced a higher all-cause mortality rate (adjusted HR = 1.63, P = 0.01; median follow-up 11.2 years) with no signifi-
cant difference in cardiovascular mortality (adjusted HR = 1.14, P = 0.61).

...................................................................................................................................................................................................
Conclusions Women who experienced their first MI under the age of 50 were less likely to undergo coronary revascularization

or be treated with guideline-directed medical therapies. Women who survived hospitalization experienced similar
cardiovascular mortality with significantly higher all-cause mortality than men. A better understanding of the mech-
anisms underlying these differences is warranted.
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Introduction

Even in the contemporary era, sex differences in presentation,
treatment, and outcomes of myocardial infarction (MI) have been
well-demonstrated in the cardiovascular literature.1 Studies have
shown that women present with MI at a later age, with greater risk
factor burdens, and with worse outcomes.2–6 Women are also less
likely than men to receive standard-of-care therapies, including inva-
sive coronary angiography and reperfusion, and to be prescribed
guideline-directed cardiovascular medications at discharge.7,8

However, most studies on sex differences have primarily focused on
older populations. There is a scarcity of data regarding MI in young
adults, especially regarding long-term outcomes. Such data are espe-
cially important because patients younger than 55 years of age pres-
ently account for 23% of all patients with acute coronary syndrome
in the USA.9 Furthermore, while the rates of MI have been declining
overall in the USA, rates of MI in young people have remained sta-
ble.10 Thus, there is an important need to understand better the sex
differences in outcomes among young individuals following acute MI.
The purpose of the current study was to investigate differences in
risk factors, clinical presentation, angiographic characteristics, hospital
management, and long-term mortality among men and women who
experience their first MI at a young age.

Methods

Study population
The design of the YOUNG-MI registry has been previously described.11

In brief, this is a retrospective cohort study from Brigham and Women’s
Hospital and Massachusetts General Hospital that included patients who
experienced a first MI at or before 50 years of age. All records were adju-
dicated by a team of study physicians, using the Third Universal definition
of MI.12 For the present analysis, only patients with Type 1 MI were
included. Individuals with known coronary artery disease (CAD), defined
as prior MI or revascularization, were excluded. The YOUNG-MI
registry has been approved by the Institutional Review Board at Mass
General Brigham and conducted in accordance with the institutional
guidelines.

Risk factors, angiographic findings,

and comorbidities
For each individual, the presence of cardiovascular (CV) risk factors was
ascertained through a detailed review of electronic medical records cor-
responding to the period of time up to and including the index admission.
The following risk factors were evaluated: diabetes, hypertension, dyslipi-
daemia, obesity, family history of premature CAD, alcohol use, illicit sub-
stance use, depression, anxiety, psychotic disorders, atherosclerotic
cardiovascular disease (ASCVD) risk score,13 household income,14 de-
gree of CAD, and the Charlson comorbidity index (CCI).15 Detailed defi-
nitions of all risk factors, including how the CCI was calculated and how
both the extent and burden of coronary artery plaque were quantified,
have been previously published.11,16

Hospital presentation
Time-to-hospital presentation was defined as time from most recent epi-
sode of angina or anginal equivalent to time of presentation. Stuttering
chest pain was defined as chest pain that occurred intermittently in the
day(s) leading up to presentation17; intervals were defined as: none,

<1, 1–3, 4–7, or >7 days, unknown. Other symptoms such as shortness
of breath, radiation to arm/jaw/neck, palpitations, heartburn, nausea, and
fatigue were identified through review of admission notes.

Physical examination findings were identified from review of admission
documentation, and included: jugular venous distension, crackles/pul-
monary oedema, pedal oedema, and unknown, if insufficient information
regarding physical examination was provided.

Medications prescribed at discharge were ascertained by review of
discharge summary records including aspirin, P2Y12 inhibitors, beta-
blockers, angiotensin-converting enzyme inhibitors (ACEI), angiotensin-
receptor blockers (ARB), statins (stratified by intensity), ezetimibe, and
diuretics.

Outcomes
The primary outcomes of interest included all-cause and cardiovascular
(CV) mortality for patients who survived to hospital discharge.
Secondary outcomes included non-CV death and in-hospital mortality.
Vital status of the study patients at follow-up was assessed using the
Social Security Administration’s Death Master File, the Massachusetts
Department of Vital Statistics, as well as a longitudinal follow-up within
our electronic health records system.

Death was recorded as occurring in-hospital or post-discharge. The
cause of death was categorized as CV death, non-CV death, or undeter-
mined. If cause of death was unable to be determined, patients were ana-
lysed as having experienced non-CV death. The definition of CV death
was adapted from the 2014 ACC/AHA definitions for CV endpoint
events18 and was previously detailed in the study design publication.11

Cardiovascular deaths included death from a CV cause within 30 days of
acute MI, heart failure, sudden cardiac death, ischaemic stroke, non-
traumatic haemorrhagic stroke, immediate complications of a CV pro-
cedure, CV haemorrhage, and other CV causes such as pulmonary em-
bolism or peripheral artery disease.

Statistical analysis
Categorical variables are reported as frequencies and proportions, and
compared with v2 or Fisher’s exact tests, as appropriate. Continuous var-
iables are reported as means or medians and compared with t-tests or
Mann–Whitney U tests, as appropriate. The proportional hazards as-
sumption was assessed by analysing the Schoenfeld residuals. Survival
curves were compared using the log-rank test.

Cox proportional hazards modelling was used to assess the prognostic
implications of sex on all-cause and CV mortality post-discharge. Patients
were censored on the date of querying their associated source of vital
statistics. Multivariate Cox models incorporated adjustment for all base-
line covariates which had either a significant (P <_ 0.05) univariate associ-
ation with outcome in question or were known to have a clinically
determined association with the outcome of interest. A sensitivity ana-
lysis was performed classifying undetermined death as CV death. In add-
ition, due to competing risk from non-CV deaths, we calculated
cumulative incidence functions along with Gray’s test to compare patients
with CV and non-CV death.19 Logistic regression was used to determine
predictors of undergoing invasive coronary angiography in order to de-
termine if female sex was an independent predictor for this procedure.
All analyses were performed using Stata Version 15.1 (StataCorp,
College Station, TX).

4128 E.M. DeFilippis et al.
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Results

Study population
Our study population consisted of 2097 patients with a first MI, of
whom 404 (19%) were women and 1693 (81%) were men (Table 1).
The median age was 45 years (interquartile range 41–48), 1531 (73%)
were white, and 1121 (53%) had an ST-elevation myocardial infarc-
tion (STEMI). Despite their similar age, women were less likely than
men to have a STEMI (46.3% vs. 55.2%, P = 0.001). Women had lower
median incomes compared with men (65 300 vs. 72 600 US dollars,
P < 0.001) and were significantly more likely to have public insurance
(35.8% vs. 28.6%, P = 0.011).

Risk factors
Women had a significantly higher proportion of diabetes (23.7%
vs. 18.9%, P = 0.028), rheumatologic conditions (6.7% vs. 1.3%,
P < 0.001), and depression (24.1% vs. 10.3%, P < 0.001) compared
with men. When examining differences among patients with diabetes,
women were significantly more likely to be on insulin therapy (57.3%
vs. 36.6%, P < 0.001) and to have had the diagnosis for 10 years or
longer (61.3% vs. 28.9%, P < 0.001). Women also had a significantly
higher mean CCI (1.8 vs. 1.5, P < 0.001). On the other hand, men
were more likely to have hyperlipidaemia (62.6% vs. 44.9%
P < 0.001), and to use illicit substances (22.3% vs. 15.6%, P = 0.003).
There were no significant sex differences in the proportion of

....................................................................................................................................................................................................................

....................................................................................................................................................................................................................

Table 1 Baseline risk characteristics stratified by sex

Baseline risk characteristics by sex

Name Men (n 5 1693) Women (n 5 404) P-value

Demographics

Age at event, median (IQR) 45.0 (41.0, 48.0) 45.0 (42.0, 48.0) 0.98

Caucasian 1250 (73.8%) 291 (72.0%) 0.46

STEMI 934 (55.2%) 187 (46.3%) 0.001

Length of stay, median (IQR) 3.0 (2.0, 5.0) 4.0 (2.0, 6.0) 0.011

Charlson comorbidity index, mean (SD) 1.5 (0.9) 1.8 (1.3) <0.001

Income, median (IQR), in thousands of US dollars 72.6 (54.9, 87.4) 65.3 (50.9, 83.4) <0.001

Insurance category 0.011

None 147 (9.3%) 25 (6.5%)

Public 454 (28.6%) 138 (35.8%)

Private 985 (62.1) 222 (57.7%)

Past medical history

Hypertension 784 (46.3%) 196 (48.5%) 0.42

Dyslipidaemia 1643 (97.0%) 271 (67.1%) <0.001

Diabetes 320 (18.9%) 96 (23.8%) 0.028

Former smoker 237 (14.2%) 40 (10.0%) 0.026

Current smokers 843 (50.4%) 223 (55.5%) 0.065

Illicit Substance usea 202 (11.9%) 31 (7.7%) 0.014

Cocaine use 84 (5.0%) 15 (3.7%) 0.27

Marijuana use 141 (8.5%) 20 (5.0%) 0.019

Alcohol use 243 (14.6%) 26 (6.5%) <0.001

Obesity 584 (39.6) 166 (43.9) 0.12

Peripheral vascular disease 34 (2.0%) 7 (1.8%) 0.71

Sleep apnoea 93 (5.6%) 15 (3.8%) 0.14

Depression 167 (10.3%) 93 (24.1%) <0.001

Rheumatologic diseases 21 (1.3%) 27 (6.7%) <0.001

Family history of premature CAD 467 (27.6%) 115 (28.5%) 0.72

Laboratory values

Normalized troponin, median (IQR) 43.7 (11.6, 150.7) 30 (7.0, 148.5) 0.015

Creatinine (mg/dL), mean (SD) 1.1 (0.4) 0.9 (0.4) <0.001

Glomerular filtration rate, (mL/min per 1.73 m2), mean (SD) 80.6 (20.1) 78.3 (24.3) 0.048

Total cholesterol (mg/dL), mean (SD) 193.6 (56.8) 186.8 (55.2) 0.042

LDL cholesterol (mg/dL), mean (SD) 120.4 (46.7) 114.0 (47.0) 0.021

HDL cholesterol (mg/dL), mean (SD) 36.2 (9.3) 39.9 (13.1) <0.001

Triglycerides (mg/dL), median (IQR) 155.0 130.0 <0.001

(105.0, 228.0) (89.0, 187.0)

aIllicit Substances include marijuana, cocaine, i.v.-drugs, benzodiazepines, barbiturates, and amphetamines.

Sex-based differences from YOUNG-MI registry 4129
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..patients with hypertension, obesity, or family history of premature
CAD. When comparing men and women using a composite score
which includes multiple risk factors, there was no significant differ-
ence in the median number of risk factors by sex (2.0 vs. 2.0, P = 0.42;
Supplementary material online, Table S1).

Sex differences in hospital presentation
Presentation characteristics stratified by sex are provided in Table 2.
Most women (68.1%) and men (68.0%) presented to the hospital
within 6 h of symptom onset (P = 0.96). Chest pain was the most
common presenting symptom in both men (90%) and women (88%),
P = 0.25. However, women were significantly more likely to also pre-
sent with atypical symptoms, including shortness of breath (36.6% vs.
31.0%, P = 0.028), palpitations (7.2% vs. 2.8%, P < 0.001), and fatigue
(5.4% vs. 2.7%, P = 0.004). Stuttering chest pain prior to hospital pres-
entation was present in 50.2% of men and 46.7% of women
(P = 0.23). Notably, up to 16.5% (n = 66) of women and 15.8%
(n = 262) of men had greater than 7 days of stuttering pain (P = 0.76)
prior to their presentation. Women were more likely than men to
present with pulmonary oedema (9.7% vs. 6.7%, P = 0.043) and pedal
oedema (5.9% vs. 2.9%, P = 0.003).

Angiographic characteristics
Angiographic procedures were carried out in 1985 (95%) patients
(Table 2). When compared with men, women were significantly
more likely to have non-obstructive disease (10.2% vs. 4.2%,
P < 0.001) as well as single-vessel disease (64.3% vs. 56.1%, P = 0.004).
Women also experienced a substantially higher rate of spontaneous
coronary artery dissection when compared with their male counter-
parts (7.2% vs. 0.2%, P < 0.001), a lower plaque distribution as meas-
ured by the segment involvement score (SIS) (P < 0.001), and a lower
aggregate plaque burden as measured by both the segment stenosis
score (SSS) (P < 0.001), and Gensini Score (P < 0.001). The full set of
angiographic findings can be found in Table 3.

Acute myocardial infarction care
Women were significantly less likely than men to undergo invasive
coronary angiography (93.5% vs. 96.7%, P = 0.003) (Table 2). This
overall difference persisted in a multivariable model (P = 0.04, see
Supplementary material online, Table S2). When women and men
were stratified by the type of MI, there was no difference in the
rate of invasive coronary angiography in those with STEMI (96.8%
vs. 98.2%, P = 0.23), but there was a difference in those with non-
ST-elevation myocardial infarction (NSTEMI) (90.7% vs. 95.0%,
P = 0.021).

Following invasive coronary angiography, women were also less
likely to undergo coronary revascularization than men (82.1% vs.
92.6%, P < 0.001). This difference persisted for both women present-
ing with STEMI (87.7% vs. 96.2%, P < 0.001) and those presenting
with NSTEMI (76.9% vs. 87.9%, P < 0.001).

When examining in-hospital length of stay, women had longer
lengths-of-hospital-stay compared with men (4 vs. 3 days, P = 0.015)

Medications at discharge
Women were significantly less likely to be discharged on guideline-
directed medical therapy, including aspirin (92.2% vs. 95.0%,
P = 0.027), beta-blockers (86.6% vs. 90.3%, P = 0.033), ACEI or ARBs
(53.4% vs. 63.7%, P < 0.001), and statins (82.4% vs. 88.4%, P < 0.001),
as shown in Table 2. Only 40.1% of women in our cohort were on
high-intensity statins compared with 50.8% of men, P < 0.001.

All-cause death and cardiovascular
death
Over a median follow-up time of 11.2 years (interquartile range: 7.3–
14.2 years), there were 254 (12%) deaths in our cohort, representing
14% of women and 11% of men (P = 0.088).

More men (n = 38; 2.2%) than women (n = 5; 1.2%) died while in-
hospital, though these differences were not statistically significant
(P = 0.20). When evaluating the cause of death, 129 were adjudicated
as CV deaths, 98 as non-CV deaths, and 27 were undetermined.

Non-CV death was more prevalent among women than men
(8.4% vs. 5.4%, P = 0.020). Causes of death among men and women
who experienced non-CV death are further described in Table 4.
Men overall had numerically higher death-related substance use and
trauma. Otherwise there were no significant differences in the distri-
bution of non-CV death between men and women.

When examining patients who survived to hospital discharge,
women had higher unadjusted all-cause mortality (HR = 1.51,
P = 0.01). After adjustment for demographic, laboratory, and clinical
data, the hazard ratio increased to 1.63, while remaining significant
(P = 0.01) (Figure 1, Table 5).

When analysing sex-based difference in CV death among patients
who survived to hospital discharge, there was no significant difference
by sex, 73 (4.4%) in men vs. 21 (5.3%) in women, P = 0.50. After ad-
justment for demographic, laboratory, and clinical data, there
remained no difference in CV mortality (HR = 1.14, P = 0.61) when
compared with men (Figure 2, Table 6). In a sensitivity analysis where
the undetermined deaths were categorized as CV deaths, there
remained no difference in CV mortality between men and women
[HR 1.14 (95% CI 0.71–1.83), P = 0.58]. A competing risk analysis,
where non-CV mortality was determined to be the competing risk,
similarly demonstrated no difference in CV death [HR 1.13, 95% CI
0.67–1.90, Gray’s test P = 0.65].

Discussion

Our study is one of the largest to examine differences in long-term
outcomes between young men and women presenting with a first MI.
Over a median follow-up of 11.2 years, young women who survived
their index hospitalization had similar CV mortality but significantly
worse all-cause mortality when compared with young men. This find-
ing remained significant even after adjustment for differences in base-
line characteristics, laboratory values, and treatment. Women were
significantly less likely to undergo invasive coronary angiography in
the setting of their MI, although this was not observed in cases of
STEMI. Those who did undergo invasive coronary angiography were
significantly less likely to be revascularized. Furthermore, we found
notable differences in the prescription of post-MI pharmacologic
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Table 2 Presentation characteristics and in-hospital patient management and outcomes stratified by sex

Presentation characteristics by sex

Name Men Women P-value

Symptoms

Chest pain 1485 (89.9%) 352 (88.0%) 0.25

Shortness of breath 524 (31.0%) 148 (36.6%) 0.028

Radiation to arm/jaw/neck 710 (41.9%) 204 (50.5%) 0.002

Palpitations 47 (2.8%) 29 (7.2%) <0.001

Heartburn 147 (8.7%) 37 (9.2%) 0.76

Nausea 689 (40.7%) 185 (45.8%) 0.062

Fatigue 45 (2.7%) 22 (5.4%) 0.004

Pain at rest 383 (22.6%) 92 (22.8%) 0.95

Time-to-hospital presentation

<6 h 1124 (68.0%) 273 (68.1%) 0.96

6–24 h 236 (14.3%) 55 (13.7%) 0.78

1–3 days 56 (3.4%) 16 (4.0%) 0.55

>3 days 36 (2.2%) 7 (1.7%) 0.59

Unknown 202 (12.2%) 50 (12.5%) 0.89

Stuttering of chest pain

None 753 (45.5%) 195 (48.6%) 0.26

<1 day 188 (11.4%) 47 (11.7%) 0.84

1–3 days 167 (10.1%) 34 (8.5%) 0.33

4–7 days 142 (8.6%) 24 (6.0%) 0.086

>7 days 262 (15.8%) 66 (16.5%) 0.76

Unknown 181 (10.7%) 38 (9.4%) 0.45

Physical exam

Jugular venous distension 47 (2.8%) 14 (3.5%) 0.46

Crackles/pulmonary oedema 114 (6.7%) 39 (9.7%) 0.043

Pedal oedema 49 (2.9%) 24 (5.9%) 0.003

No CHF findings 1267 (74.8%) 295 (73.0%) 0.45

Unknown 205 (12.1%) 43 (10.6%) 0.41

In-hospital cardiac procedures

Invasive coronary angiography performed 1597 (96.7%) 374 (93.5%) 0.003

Revascularization performed 1479 (92.6%) 307 (82.1%) <0.001

PCIa 1302 (76.9%) 266 (65.8%) <0.001

CABG 145 (8.6%) 32 (7.9%) 0.68

Medications at dischargeb

Aspirin 1573 (95.0%) 368 (92.2%) 0.027

P2Y12 inhibitors 1368 (82.7%) 308 (77.2%) 0.011

Beta-blockers 1525 (92.1%) 350 (87.7%) 0.005

ACEI/ARB 1054 (63.7%) 213 (53.4%) <0.001

Diuretics 169 (10.2%) 55 (13.8%) 0.040

Statins 1497 (88.4%) 333 (82.4%) <0.001

None 158 (9.5%) 66 (16.5%)

Low 56 (3.4%) 15 (3.8%)

Medium 601 (36.3%) 158 (39.6%)

High 840 (50.8%) 160 (40.1%)

Ezetimibe 22 (1.3%) 4 (1.0%) 0.61

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin-receptor blocker; CABG, coronary artery bypass grafting; CHF, congestive heart failure; PCI, percutaneous
coronary intervention.
aPercutaneous coronary intervention includes angioplasty, stenting, POBA, aspiration thrombectomy.
bFor the 2054 patients (1655 men and 399 women) who survived their index hospital stay.

Sex-based differences from YOUNG-MI registry 4131
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.. therapy as women were less likely to be prescribed anti-platelet
agents, statins, beta-blockers, and ACEI/ARBs upon discharge (Take
home figure).

While many studies have found that young women have significantly
worse outcomes compared with men following MI,5,17,20–23 other
studies found no such significant differences after adjustment for age,
comorbidities, and treatments.24,25 Our study shows that even after
adjustment for differences in risk factors and treatment, women have a
higher rate of long-term all-cause mortality. While these differences
may be due to underlying baseline differences in risk factors and treat-
ment that we are unable to account for, our results suggest that there
may be inherent excess risk in young women post-MI.

We found that nearly 90% of men and women who presented with
their first MI had chest pain. While women were more likely to have
other associated symptoms such as dyspnoea or palpitations, these dif-
ferences were numerically small. Our findings are similar to the

....................................................................................................................................................................................................................

Table 3 Angiographic findings stratified by sex

Factor Men (n 5 1612, 81%) Women (n 5 373, 19%) P-value

Any plaque or stenosis 1556 (97.8%) 344 (93.7%) <0.001

Spontaneous dissection 3 (0.2%) 25 (7.2%) <0.001

Presence of obstructive CAD

No obstructive CAD2 68 (4.2%) 38 (10.2%) <0.001

Single-vessel disease 905 (56.1%) 240 (64.3%)

Multi-vessel disease 639 (39.6%) 95 (25.5%)

Segment involvement score, median (IQR) 3 (1, 4) 2 (1, 3) <0.001

Segment stenosis score

Single-vessel disease 26 (16, 34) 20 (16, 32) <0.001

Multi-vessel disease 46 (32, 62) 42 (30, 58) 0.098

Total 32 (18, 42) 24 (14, 36) <0.001

Gensini score

Single-vessel disease 32 (20, 47) 32 (16, 43) 0.003

Multi-vessel disease 58 (42, 84) 54 (42, 84) 0.42

Total 40 (24, 64) 32 (16, 48) <0.001

CAD, coronary artery disease.

....................................................................................................................................................................................................................

Table 4 Causes of death among patients who experienced non-cardiovascular death

Cause of death All individuals (n 5 98) Men (n 5 68) Women (n 5 30)

Cancer 45 30 15

Sepsis 21 10 11

Alcohol use 4 4 0

Substance use 6 5 1

Renal failure 1 1 0

Liver disease 1 1 0

Gastrointestinal bleed 1 1 0

Trauma 11 10 1

Suicide 3 3 0

Other 5 3 2

Figure 1 Kaplan–Meier failure estimates for all-cause death
among patients who survived to hospital discharge.
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Variation in Recovery: Role of Gender on Outcomes of Young AMI
Patients (VIRGO) study, where young women were just as likely as
men to have chest pain but were more likely to have additional symp-
toms at the time of their MI.26 Similar findings have also been shown by
Kreatsoulas et al.27 who have shown that angina-type symptoms are
similar among men and women with obstructive CAD.

Potential mechanism for
increased risk of MI in young
women

There are several possible mechanisms to explain why some women
develop an MI at a young age. One explanation is that oestrogen

has cardioprotective effects in premenopausal young women.28

Therefore, in order for women to have an MI, this protective effect
may have to be overcome by a higher burden of risk factors, which
may include both measured and unmeasured factors. However, we
did not find a significant difference in the overall number of risk fac-
tors between men and women.

Some researchers have suggested that traditional risk factors may
pose a greater influential risk for CV events in women than men.29–31

There is evidence, for example, that the CV risks associated with
smoking, measured by both current and accumulated tobacco expos-
ure, are consistently higher in women than in men.31 Additionally,
any age-related cardioprotective effect may be lost in young women
with diabetes.32 The significance of psychosocial factors has also been
posited. Studies have found that young women with MI have a dispro-
portional burden of psychosocial risk factors, and there is ongoing re-
search examining if these factors impart greater CV risk in women
than in men.1

Potential mechanism for
differences in invasive angiography
and coronary revascularization

In our study, women were significantly more likely to have MI with
non-obstructive CAD (MINOCA). MINOCA may encompass spon-
taneous coronary artery dissection, coronary artery spasm, coronary
microvascular dysfunction, coronary thrombus as well as other po-
tential mechanisms.33 When considering these aetiologies in our
study, we found a higher incidence of spontaneous coronary artery
dissection in women compared with men. Furthermore, women with

....................................................................................................................................................................................................................

....................................................... .......................................................

....................................................................................................................................................................................................................

Table 5 Predictors of all-cause mortality among patients who survived to hospital discharge

All-cause mortality

Univariable Multivariable

Factor Hazard ratio P-value Hazard ratio P-value

Female sex 1.49 0.012 1.49 0.032

Age at event 1.04 0.013 1.02 0.293

Income 0.99 0.001 0.99 0.018

Length of stay (days) 1.04 <0.001 1.03 0.005

Segment involvement score 1.16 <0.001 1.13 0.001

Hypertension 1.86 <0.001 1.38 0.057

Diabetes 2.40 <0.001 1.68 0.003

Illicit substance use 1.91 0.001 2.04 0.002

Alcohol use 1.72 0.002 1.41 0.115

Peripheral vascular disease 6.14 <0.001 2.66 0.003

Episodes of angina in 24 h prior to MI 0.67 <0.001 0.43 0.05

Statin intensity at discharge 0.74 <0.001 0.82 0.015

Invasive coronary angiography performed 0.48 <0.001 0.256 0.001

HDL cholesterol (mg/dL) 0.98 0.039 1.00 0.738

Triglycerides (mg/dL) 1.00 0.012 1.00 0.036

Creatinine (mg/dL) 2.11 <0.001 1.35 0.009

Figure 2 Kaplan–Meier failure estimates for cardiovascular death
among patients who survived to hospital discharge.
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obstructive disease were more likely to have single-vessel disease
and had fewer involved segments with plaque. These findings likely
reflect different patterns of atherosclerosis between men and
women, which have been documented in prior studies.34–36 Some of
these patterns of disease may be associated with increased risk due
to impaired coronary flow reserve, and thus could account for some
of the excess mortality risk observed in our study.37

As these conditions are generally not treated with revasculariza-
tion, this may account for some of the difference in revascularization
between men and women and subsequently the differences in medic-
al therapies. Other potential explanations include referral bias as well
as technical reasons. For example, women have smaller coronary
vessels, which may make it more technically challenging to perform
percutaneous or surgical coronary revascularization.1,38–40

....................................................................................................................................................................................................................

....................................................... .......................................................

....................................................................................................................................................................................................................

Table 6 Predictors of cardiovascular mortality among patients who survived to hospital discharge

Cardiovascular mortality

Univariable Multivariable

Factor Hazard ratio P-value Hazard ratio P-value

Female sex 1.23 0.400 1.14 0.614

Age at event 1.04 0.081 1.03 0.251

Income 0.99 0.004 0.99 0.059

Length of stay (days) 1.05 <0.001 1.03 0.006

Segment involvement score 1.2 <0.001 1.19 0.001

Hypertension 2.26 <0.001 1.45 0.12

Diabetes 3.05 <0.001 1.74 0.022

Obesity (BMI >35) 2.34 0.001 1.78 0.041

Illicit substance use 2.12 0.005 2.58 0.002

Peripheral vascular disease 7.49 <0.001 2.95 0.01

Episodes of angina in 24 h prior to MI 0.51 <0.001 0.49 0.055

Statin intensity at discharge 0.75 0.003 0.83 0.101

ACE/ARB on discharge 1.52 0.067 2.11 0.004

Invasive coronary angiography performed 0.56 0.102 0.15 0.058

Creatinine (mg/dL) 2.25 <0.001 1.36 0.048

Risk Factors

• Women were more 
likely to have 
diabetes and 
underlying 
rheumatic 
conditions

• Women had lower 
median income and 
more likely to have 
public insurance

Clinical 
Presentation

• The most common 
presenting 
symptom in both 
women and men 
was chest pain

• Women were more 
likely to also have 
dyspnea, 
palpitations, or 
fatigue

Management

• Women were less 
likely to undergo 
angiography and 
revascularization

• Women were less 
likely to be on 
guideline-directed 
post-MI medications

Outcomes

• Women had 
increased all-cause 
mortality over a 
median follow-up of 
11.2 years

2097 individuals with MI at age ≤ 50

Women = 404 (19%) Men = 1693 (81%)

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. IA, invasive angiography.
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However, women were also less likely to undergo invasive coron-

ary angiography. This suggests that physician bias may exist in the
evaluation and treatment of women41 and young women even more
so, which leads to women receiving fewer therapies than their male
counterparts.

Comparison with the
VIRGO study

The VIRGO study is the largest prospective observational study of
young patients (<_55 years) hospitalized for MI (n = 3501).26,28 The
study demonstrated that young women presenting with MI had
higher risk factor burdens, greater delays in presentation, were less
likely to undergo revascularization procedures, and were less likely
to receive timely primary reperfusion therapies.28,42 However,
VIRGO only examined patients for 1-year post-MI, and did not re-
port any data on differences in mortality between men and women
due to a low event rate.

In many respects, our study complements VIRGO’s important
contributions by providing long-term data over 11.2 years. In add-
ition, our study design allowed to us to include all patients presenting
to our healthcare system with MI, while the VIRGO study only
includes patients who were able to provide informed consent.
Consequently, we included sicker patients who are often unable to
provide informed consent.

Finding of increased all-cause
mortality in women after
myocardial infarction

Despite similarities in CV mortality among men and women who sur-
vived to hospital discharge, women had a significantly higher rate of
all-cause mortality even after adjusting for various factors. One
strength of our analysis was the ability to provide an in-depth analysis
of causes of non-CV death. Cancer and sepsis were common causes
of death in both men and women and do not fully explain our results.
More studies are needed to investigate these differences.

Limitations

Some limitations to our study deserve mentioning. While our study
utilized careful chart reviews to identify all known risk factors, labora-
tory values, and therapies provided, we were unable to account for
some of the potential variables that may be associated with outcomes
or patient management. For instance, we did not have data on patient
preferences43 or psychosocial factors44 which have been shown to
have an impact of patient outcomes. We also do not have data
regarding long-term maintenance of prescribed medications, or on
sex-specific risk factors such as pregnancy-related MIs or the propor-
tion of women that experienced hypertensive disorders of pregnancy
which has been known to impact long-term CV risk.45,46

Our cohort included a smaller proportion of women with MI than
men. Thus, our power to assess for differences in CV mortality was
limited. Furthermore, our ability to assess for sex differences in in-

hospital mortality was likely impeded by small numbers. We also did
not account for pre-hospital deaths, further limiting our ability to
study early mortality in young patients with MI.

The association between patient sex and CV outcomes may be
driven by confounders including lifestyle and behavioural factors.
While we adjusted for an extensive array of baseline covariates
including demographics, comorbidities, laboratory values, revasculari-
zation procedures, and medications, we realize that other unmeas-
ured confounders may remain.

Conclusion

In summary, women who experienced their first MI under the age of
50 had a higher burden of traditional risk factors compared with men
and were less likely to be treated with coronary revascularization and
guideline-directed post-MI medical therapies. Furthermore, women
who survived hospitalization experienced a significantly higher rate of
long-term all-cause mortality than men. Future studies should seek to
understand the mechanisms underlying these differences.

Supplementary material

Supplementary material is available at European Heart Journal online.
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