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Abstract

Background Young women with acute coronary syn-
drome (ACS) may represent a high risk group, but little is
known about specific age and sex differences in clinical
characteristics, treatment, outcomes, and trends over time.
Methods Data from 3237 men and women admitted with
an ACS event from 1999 to 2006 were analyzed. Patients
were grouped by sex and age less than 55 years. Demo-
graphics, presentation, treatment, and outcomes at
6 months were analyzed. Primary outcomes included
mortality, recurrent myocardial infarction, rehospitaliza-
tion, and stroke at 6 months. Secondary analyses assessed
risk factors, management, and trends over time.

Results Women under 55 years represented 8 % of the
entire cohort, and 26 % of patients under age 55 years.
Compared to older women, young women were more likely
to be smokers (51 vs. 14 %, p < 0.001) and obese (44 vs.
34 %, p = 0.006). Young women had more diabetes and
hypertension than young men. Mortality was lowest among
young women and did not change over time. Young
women received less treatment with aspirin, beta blockers,
lipid-lowering agents, and ACE inhibitors, and underwent
less coronary angiography and stenting than young men (44
vs. 59 %, p < 0.001). Rehospitalization was higher among
young women than young men (37 vs. 27 %, p < 0.001),
with no change over time.

Conclusions Modifiable risk factors such as smoking,
obesity, diabetes, and hypertension should be addressed in
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young women. Following ACS, young women received
fewer evidence-based medications, were treated less inva-
sively, and had higher readmission rates within 6 months
compared to young men.
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Background

Despite increased awareness and interest in cardiovascular
disease in women [1, 2], gaps in understanding the inter-
action of age and gender remain. Young women may
represent a particularly high risk group with more short-
and long-term mortality than men following (ACS) [3-6],
but studies are inconsistent [7-10]. It remains unclear
whether young women with ACS have more co-morbidities
and worse adverse outcomes following ACS than young
men and older women.

To study the net effect of both age and gender, we
compared young women under age 55 years to two other
groups: (1) women 55 years of age and older, and (2) men
under age 55 years. Our aims were to identify cardiac risk
factors among young women with ACS, describe differ-
ences in presentation and management, assess in-hospital
and 6-month outcomes, and examine trends in outcomes
over time.

Methods

Data from 3237 men and women admitted to the University
of Michigan Health System with an ACS event were
prospectively collected from January 1999 to December
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2006. Patients were eligible for inclusion if they were
18 years or older and met criteria for ACS. Diagnosis of
ACS was based on clinical presentation (ischemic symp-
toms) consistent with ACS and at least one of the follow-
ing: ECG changes consistent with an ACS, serial increases
in biochemical markers of cardiac necrosis (creatine Kki-
nase-MB, creatine phosphokinase, and/or troponin), or
documented coronary artery disease. Patients were ex-
cluded if there was a non-cardiovascular cause of the ACS
(e.g., trauma or surgery). The study was approved by the
University of Michigan Institutional Review Board and
written informed consent was obtained from all par-
ticipants at inclusion.

Demographics, medical history, medications on ad-
mission, in-hospital management and outcomes at
6 months were included in the analysis. All cases were
assigned to one of the following categories: ST-segment
elevation MI (STEMI), non-ST-segment elevation
(NSTEMI) or unstable angina. The primary outcomes of
interest 6 months after ACS were all-cause mortality,
recurrent myocardial infarction (MI), rehospitalization,
and stroke, as verified by review of medical records and
phone call follow-up. Standardized definitions of clinical
diagnoses were used. The absence of any classic cardio-
vascular risk factor, defined as smoking, diabetes mellitus,
hypertension, hyperlipidemia, and obesity (BMI > 30)
was also evaluated. For comparisons, women and men
were grouped by age into a younger group <55 years of
age and those 55 years or older. The vast majority of
women are postmenopausal by age 55 [11], thus providing
a logical age cutoff for comparing differences between
younger and older women. In secondary analysis, changes
in outcomes over time were assessed by comparing pa-
tients enrolled in the database between 1999 and 2001
with a more recent cohort enrolled between 2004 and
2006.

Statistical analysis

Age was dichotomized at 55 years. Younger women
were compared with older women and younger men.
Differences between study groups for categorical vari-
ables were assessed by Pearson Chi square or Fisher’s
exact test where appropriate. For normally distributed
continuous variables, two-way analysis of variance was
performed, followed by Student’s T tests with Bonfer-
roni adjustment where appropriate. For continuous vari-
ables with skewed distributions, the Wilcoxon rank sum
test was utilized. Univariate analysis as well as multi-
variable logistic regression was performed to determine
predictors of poor outcomes. Trends over time were
compared using the Cochran—Armitage Test. Statistical

significance was determined at (alpha) < 0.05. All sta-
tistical analyses were conducted with SAS version 9.2
(Cary, NC).

Results
Clinical profile

The age distribution of women and men younger than
55 years is shown in Fig. 1. Women younger than 55 years
represented 7.8 % of all ACS patients, and 23.1 % of all
women. Compared to older women, young women were
more likely to be smokers and have a higher body mass
index (BMI) (Table 1), but had lower 6-month GRACE
risk scores (Table 2) and were less likely to have a prior
history of heart failure, hypertension, hyperlipidemia, or
stroke (Table 1). Among all patients younger than
55 years, women represented 26.1 %. Compared to young
men, young women were more likely to have a prior his-
tory of heart failure, angina, diabetes mellitus, and hyper-
tension, but no difference in smoking or obesity (Table 1).

Presentation and management

Compared to older women, young women were more likely
to present with a diagnosis of unstable angina, but had
equal rates of STEMI (Table 2). Younger women had
significantly lower GRACE risk scores, but underwent
more catheterization and PCI than older women. Upon
discharge, among patients without contraindications,
younger women were less likely to receive aspirin and beta
blockers when compared to older women. In comparison to
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Fig. 1 Age distribution of young women and young men
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Table 1 Demographics: young women compared to (1) older women and (2) young men

Women <55 years Women >55 years p valuet Men <55 years p valuef

n = 254 n = 856 n="721
Age, median (Q1-Q3) 48.4 (42.9-51.6) 71.9 (55.1-97.9) NA 48.8 (44.0-52.0) NA
BMI (mean + SD) 312 £ 85 28.8 £ 6.8 <0.001 302 £ 6.3 0.123
Prior angina 111 (43.7 %) 384 (44.9 %) 0.797 261 (36.5 %) 0.034
Prior MI 80 (31.5 %) 313 (36.6 %) 0.135 207 (28.6 %) 0.431
Prior stroke 13 (5.1 %) 137 (16 %) <0.001 27 (3.7 %) 0.351
Prior CHF 29 (114 %) 218 (25.5 %) <0.001 47 (6.5 %) 0.013
Prior PCI 50 (19.7 %) 182 (21.3 %) 0.57 165 (22.9 %) 0.281
Prior CABG 23 (9.1 %) 157 (18.3 %) <0.001 74 (10.2 %) 0.579
Smoker (ever) 183 (72 %) 385 (45 %) <0.001 522 (72.6 %) 0.865
Smoker (current) 129 (50.8 %) 120 (14 %) <0.001 324 (45.1 %) 0.116
Positive stress test 32 (12.6 %) 116 (13.6 %) 0.684 75 (10.5 %) 0.340
DM 84 (33.1 %) 272 (31.8 %) 0.715 155 (21.8 %) <0.001
HTN 152 (60.3 %) 678 (79.2 %) <0.001 352 (49.4 %) 0.003
Hyperlipidemia 134 (53.0 %) 513 (59.9 %) 0.042 420 (58.6 %) 0.121
Obesity 100 (44.4 %) 244 (34.2 %) 0.006 299 (45.6 %) 0.754
No classic risk factors 8 3.1 %) 39 (4.6 %) 0.328 30 (4.2 %) 0.474

+ p value is for comparison between young women and older women

1 p value is for comparison between young women and young men

Table 2 Presentation and management: young women compared to (1) older women and (2) young men

Women <55 years Women >55 years p valuet Men <55 years p valuef
Presentation
STEMI 57 (22.4 %) 188 (22.0 %) 0.872 224 (31.1 %) 0.009
NSTEMI 113 (44.5 %) 454 (53.0 %) 0.017 332 (46.0 %) 0.668
Unstable angina 84 (33.1 %) 214 (25.0 %) 0.011 165 (22.9 %) 0.001
Cardiac arrest 5 2.0 %) 7 (0.8 %) 0.120 14 (1.9 %) 0.975
GRACE score (in-hospital) 88.7 £ 24.8 130.9 + 31.0 <0.001 88.7 £ 22.8 0.987
GRACE score (6-months) 75.6 £ 204 1259 £ 29.7 <0.001 73.2 £ 203 0.108
ACS management
Thrombolytics 11 (4.3 %) 27 (3.2 %) 0.365 82 (11.4 %) 0.001
PCI 112 (44.1 %) 311 (36.3 %) 0.025 424 (58.8 %) <0.001
Cath 191 (75.2 %) 572 (66.8 %) 0.011 611 (85.0 %) <0.001
CABG 23 (9.1 %) 81 (9.5 %) 0.845 65 (9.0 %) 0.985
Medical treatment
Aspirin 216 (85.4 %) 765 (89.8 %) 0.051 678 (94.3 %) <0.001
Beta blockers 196 (78.1 %) 720 (84.2 %) 0.024 630 (88.1 %) <0.001
ACE inhibitors 133 (52.3 %) 495 (58.4 %) 0.246 468 (65.8 %) 0.001
Lipid lowering 181 (72.1 %) 608 (71.4 %) 0.817 605 (84.4 %) <0.001
Clopidogrel 147 (59.0 %) 414 (48.9 %) 0.005 482 (67.5 %) 0.016

+ p value is for comparison between young women and older women

1 p value is for comparison between young women and young men

young men, young women were less likely to present with ~ coronary interventions and lytics, but had similar rates of
STEMI and more likely to present with unstable angina  bypass surgery. Upon discharge, younger women were less
(Table 2). Young women received fewer percutaneous  often treated with aspirin, beta blockers, ACE inhibitors/
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Table 3 ACS outcomes: young women compared to (1) older women and (2) young men
Women <55 years (%) Women >55 years (%) p valuet Men <55 years (%) p valuef

Recurrent ischemic symptoms 11 (8.9) 31 (8.5) 0.871 20 (5.7) 0.210
Acute renal failure 3(1.2) 45 (5.3) 0.005 6 (0.8) 0.608
Reinfarction 4 (3.3) 9 (2.5 0.636 3(0.9) 0.078
Stroke 1(0.4) 5 (0.6) 0.589 1(0.1) 0.450
Major bleeding 14 (5.6) 71 (8.3) 0.146 16 (2.2) 0.009

6 month outcomes
Deaths 9 (3.5) 73 (8.5) 0.008 14 (1.9) 0.148
Myocardial infarction 10 (3.9) 29 (3.4) 0.676 18 (2.5) 0.237
Rehospitalization 77 (35.8) 210 (30.0) 0.105 130 (22.5) <0.001
Stroke 0 (0) 10 (1.2) 0.084 1 (0.1) 0.553
MACE 86 (33.9) 274 (32.0) 0.580 143 (19.8) <0.001
Death/MI/stroke 18 (7.1) 108 (12.6) 0.015 32 (4.4) 0.100

+ p value is for comparison between young women and older women

1 p value is for comparison between young women and young men

ARBs, and lipid-lowering agents, as compared to young
men (Table 2).

Outcomes

In-hospital and 6-month outcomes are shown in Table 3.
During hospitalization for an ACS event, older women were
more likely to develop acute renal failure. Compared to
young men, young women had more than twice the rate of
major bleeding events. At 6 months, young women had
significantly higher rates of rehospitalization than young
men. Young women had lower mortality than older women,
but similar to young men. There were no significant dif-
ferences in recurrent myocardial infarction rates. In multi-
variable logistic regression, only serum creatinine predicted
rehospitalization rates among young women (OR 1.37,
95 % CI 1.06-1.76), while prior history of heart failure
(p = 0.002), MI (p = 0.049), PCI (p = 0.004) and history
of smoking (p = 0.008) were predictors of rehospitalization
among older women. Key differences in treatment and
outcomes between the three groups are highlighted in Fig. 2.

Trends over time

Differences in mortality and rehospitalization outcomes
were compared over time, grouped by year of discharge.
While there was a decrease in mortality among older
women from 1999 (19.1 %) to 2006 (6.4 %), there was no
significant improvement in mortality in young women over
the study period (Fig. 3). Rehospitalization rates among
older women appeared to increase over time, but there was
no statistically significant change in any of the three groups
over time (Fig. 4). Young women consistently had higher
rates of rehospitalization than young men (Fig. 4).

Discussion

This study directly addressed the interaction of both age
and gender in presentation, treatment, and outcomes after
ACS. Young women have high rates of smoking, obesity,
diabetes, and hypertension. Young women are less likely to
receive goal-directed medical therapy following ACS and
have a high rate of rehospitalization within 6 months.

The high prevalence of modifiable risk factors among
young women is particularly concerning. Smoking is a
well-recognized cardiovascular risk factor, particularly
among young patients [12, 13]. In our study, 72 % of
young people had smoked, with no difference between
young men and young women. The majority of young
women in our study were obese, with an average BMI of
31.2, higher than older women (BMI 28.8, p < 0.001).
Although prior studies have indicated that obesity may
affect young men more than young women [14, 15], our
results point to obesity as a significant risk factor for heart
disease in young women as well. Finally, diabetes and
hypertension are thought to be more common among older
patients [16, 17]. Our study revealed more hypertension
among older women than younger women, but rates of
diabetes among younger and older women were similar.
Young women carried a higher burden of both diabetes and
hypertension than young men, which is in agreement with
prior studies [14].

Over time, improved medical management and adher-
ence to secondary prevention guidelines has been reported
for both women and men [18]. Unfortunately, young
women in our study were significantly less likely than
young men to receive goal-directed medical therapy fol-
lowing a diagnosis of ACS. Although we can only spec-
ulate, possible reasons include insufficient recognition and
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treatment of CAD in women, incomplete documentation of
intolerances or contraindications, patient preference, or
concern for treating women of childbearing age with cer-
tain medications. Young women were also less likely to
have angiography and PCI than young men. Undertreat-
ment of women has been reported previously [19, 20]; for
example, women with ACS have been shown to undergo
coronary angiography and stenting less often than men,
even after adjusting for co-morbidities and number of
significant stenoses [21]. Perhaps, women undergo less
coronary angiography because of the differences in
symptom presentation, less ST elevations, lower levels of

@ Springer

Year of Admission

risk by cardiac biomarkers, or patient preference. The
lower rates of coronary intervention may be explained by
less-frequent coronary angiography, as well as differences
in coronary anatomy including less obstructive CAD or
smaller coronary arteries, which can make PCI technically
difficult.

Contrary to prior studies [3], young women in our study
were not observed to have higher in-hospital or short-term
mortality. Mortality has been shown to be higher in women
than men especially under the age of 60 [3, 5, 14], but as
overall mortality has been improving, any such gap in
outcome has been reported to be narrowing [4]. Our study
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evaluated patients from 1999 to 2006, which may have
reflected less difference among the genders than was ob-
served in the early 1990s. Women who present with
coronary disease at a younger age, at a time when they are
protected by the effects of estrogen, may be predisposed to
more aggressive disease or may have more risk factors [3].
Although it is possible that our cohort may have been
healthier than those of other studies, the young women in
our group had high rates of obesity, smoking, diabetes, and
hypertension.

Our most notable finding was the high rate of rehospi-
talization within 6 months of diagnosis of ACS among
young women, with no significant improvement over time
(Fig. 4). Possible reasons for high rates of rehospitalization
among young women may include persistent angina de-
spite normal or non-obstructive coronary disease [22],
inadequate medical treatment, insufficient reassurance, or
other medical co-morbidities, but further investigation is
needed. Female gender has also been associated with a
32 % increase in the risk of readmission within 30 days
following PCI [23]. In our current era of using readmission
rates as a cornerstone metric for reimbursement and quality
control, additional research into reasons for readmission
among young women is indicated.

Our study revealed no significant improvement in
mortality among young women between 1999 and 2006
(Fig. 3). In contrast, large studies that have evaluated in-
hospital mortality trends indicate there has been im-
provement among young women. Between 1994 and

: ‘ : - : -
2001 2002 2003 2004 2005 2006
Year of Admission

2006, the National Registry of Myocardial Infarction re-
vealed in-hospital mortality after acute MI decreased 3
times more in young women than young men (<55 years)
(2.7 vs. 0.9 %), largely explained by changes in risk
profiles [4]. More recently, a study using National Inpa-
tient Sample data from 2001 to 2010 also showed that in-
hospital mortality among young women has been im-
proving [24]. Although these studies are encouraging,
additional attention to long-term outcomes among young
women is warranted as barriers to optimal medical care
continue to exist, including delays in seeking care [25],
delays in ambulance prioritization and transfer [26], and
less aggressive medical therapy [9].

Strengths of this study include the observational design,
which allowed for a more heterogeneous patient population
than typically represented by randomized controlled trials.
However, the observational nature of this study also has
certain inherent limitations and potential biases. Additional
limitations should be acknowledged. First, this was a sin-
gle-center study and does not account for regional varia-
tions in demographics, risk factors, and management.
Second, patients who died before hospital arrival were not
included and only 6 months of follow-up data were col-
lected. Longer duration of follow-up may have provided
additional insight, particularly in young people for whom a
long event-free survival period is expected. Additional data
such as menopausal status, peripartum status, baseline
medications, family history of coronary disease, and other
less common causes of ACS such as vasospasm and
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coronary dissection may have been useful. Coronary an-
giography was not performed in all patients; although in-
formative, this would not have been clinically indicated in
many patients.

Conclusions

Young women have a high prevalence of potentially
modifiable risk factors including: cigarette smoking, dia-
betes, hypertension, and obesity. Contrary to prior studies,
young women did not have higher rates of mortality or
recurrent MI; however, they did have high rates of rehos-
pitalization within 6 months. Young women were less
likely to receive goal-directed medications, were treated
less invasively, and had higher readmission rates than
young men. Further research is warranted to understand
predictors of rehospitalization among younger women.
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