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Acute Coronary Syndrome: The Risk to Young Women
Beatrice Ricci, MD, PhD; Edina Cenko, MD, PhD; Zorana Vasiljevic, MD, PhD; Goran Stankovic, MD, PhD; Sasko Kedev, MD, PhD;
Oliver Kalpak, MD, PhD; Marija Vavlukis, MD, PhD; Marija Zdravkovic, MD, PhD; Sasa Hinic, MD, PhD; Davor Milicic, MD, PhD;
Olivia Manfrini, MD; Lina Badimon, MD, PhD; Raffaele Bugiardini, MD

Background-—Although acute coronary syndrome (ACS) mainly occurs in patients >50 years, younger patients can be affected as
well. We used an age cutoff of 45 years to investigate clinical characteristics and outcomes of “young” patients with ACS.
Methods and Results-—Between October 2010 and April 2016, 14 931 patients with ACS were enrolled in the ISACS-TC
(International Survey of Acute Coronary Syndromes in Transitional Countries) registry. Of these patients, 1182 (8%) were aged
≤45 years (mean age, 40.3 years; 15.8% were women). The primary end point was 30-day all-cause mortality. Percentage diameter
stenosis of ≤50% was deﬁned as insigniﬁcant coronary disease. ST-segment–elevation myocardial infarction was the most common
clinical manifestation of ACS in the young cases (68% versus 59.6%). Young patients had a higher incidence of insigniﬁcant
coronary artery disease (11.4% versus 10.1%) and lesser extent of signiﬁcant disease (single vessel, 62.7% versus 46.6%). The
incidence of 30-day death was 1.3% versus 6.9% for the young and older patients, respectively. After correction for baseline and
clinical differences, age ≤45 years was a predictor of survival in men (odds ratio, 0.24; 95% conﬁdence interval, 0.10–0.58), but
not in women (odds ratio, 1.35; 95% conﬁdence interval, 0.50–3.62). This pattern of reversed risk among sexes held true after
multivariable correction for in-hospital medications and reperfusion therapy. Moreover, younger women had worse outcomes than
men of a similar age (odds ratio, 6.03; 95% conﬁdence interval, 2.07–17.53).
Conclusion-—ACS at a young age is characterized by less severe coronary disease and high prevalence of ST-segment–elevation
myocardial infarction. Women have higher mortality than men. Young age is an independent predictor of lower 30-day mortality in
men, but not in women.
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A

lthough acute coronary syndrome (ACS) mainly occurs in
individuals >50 years, younger adults can be affected as
well. Forty-ﬁve years as the upper limit of deﬁning young
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adults has been used in various studies and appears to be a
reasonable boundary.1–10 The same age deﬁnition has been,
therefore, used in the current study on clinical characteristics
and outcomes of ACS in young adults.
Young women with ACS comprise an especially interesting
group, given the protective effect of estrogen; however, which
clinical factors are predictive of ACS and related mortality in
this uncommon cohort is still poorly understood. Indeed, there
is a paucity of studies on ACS in the young adults deﬁned as
previously described,1–10 and the records of these analyses
are often dated. The most known of these studies is based on
the Get With the Guidelines-Coronary Artery Disease registry
data.1 Approximately 10% of patients with ST-segment–
elevation myocardial infarction (STEMI) were young patients,
and 2% of these patients were women. Women were more
likely to have lower quality of care and experienced less
favorable short-term outcomes than men.
However, it is still unknown whether there is a sex-age
interplay among the clinical presentation of coronary artery
disease (CAD) (STEMI versus non–ST-segment–elevation ACS)
and associated outcomes. Furthermore, almost entirely
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What Is New?
• Young women with acute coronary syndrome have a higher
30-day mortality compared with young men, despite similar
quality-of-care and in-hospital procedures. Young age is an
independent predictor of lower 30-day mortality in men, but
not in women. These ﬁndings suggest a sex-speciﬁc
inﬂuence on acute coronary syndrome and provide a
possible explanation for sex differences in outcomes.

What Are the Clinical Implications?
• The young women’s risk paradox in patients with acute
coronary syndrome cannot be explained by a lower quality
of care, as assessed by prior work. Although our study
cannot explore further causality, there are multiple potential
factors that may contribute to high risk in younger women,
including psychological and social stressors. Future investigations are warranted to explore potential mechanisms for
acute coronary syndrome in young women.
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unexplored is the role of the underlying coronary anatomical
features. Women typically have less extensive CAD and, often,
nonobstructive CAD.11 The extent of signiﬁcant CAD and
prognosis may vary between populations of younger patients
with different types of ACS.
The purpose of this study was to investigate the clinical
presentation and outcome of patients aged ≤45 years
hospitalized for ACS in a large international cohort. To
analyze speciﬁc differences, ﬁndings of young patients were
compared with those of the older population (aged
>45 years). Furthermore, we assessed angiographic data to
correlate sex differences in clinical presentation with the
magnitude of vascular disease burden as a function of age.

Methods
The data, analytic methods, and study materials have been
made available to other researchers for purposes of reproducing the results or replicating the procedure.12

units. The data coordinating center has been established at
the University of Bologna (Bologna, Italy). The study was
approved by the local research ethics committee from each
hospital. Because patient information is collected anonymously, institutional review boards waive the need for
individual informed consent.

Study Population
The study population consisted of 14 931 eligible patients
with ACS enrolled between October 2010 and April 2016.
Appropriateness of inclusion was adjudicated by a cardiology specialist, considering clinical history, physical examination ﬁndings, ECG, and cardiac biomarkers.17 Patients
included in the analysis were categorized into 2 groups:
young patients, aged ≤45 years; and old patients, aged
>45 years.

Angiographic Analysis
The angiographic substudy of ISACS-TC was performed in the 22
tertiary healthcare services providing PCI and/or cardiac
surgery, and it included 7723 angiograms. All angiograms were
reviewed for complete 3-vessel assessment of extent and burden
of CAD. The presence of signiﬁcant coronary disease was deﬁned
as a stenosis of at least 50% in a major epicardial vessel.
Coronary thrombus was deﬁned as an intraluminal ﬁlling defect
or an area of contrast staining noted within the stenosis.
Multivessel disease was deﬁned as at least 2 main branches of
the epicardial coronary artery with ≥50% stenotic lesions or ≥50%
stenosis in the left main coronary artery.

End Points and Deﬁnitions
The primary end point was 30-day all-cause mortality. Inhospital within 24 hours medication and the use of PCI or
ﬁbrinolysis was noted. Baseline risk was estimated using the
TIMI (Thrombolysis in Myocardial Infarction) Risk Index score,
which was calculated for each patient using the following
equation: [heart rate9(age/10)2/systolic blood pressure].18
Patients were grouped into 2 simpliﬁed risk categories: low
risk (range, <12.5) and medium-high risk (range, ≥12.5).

Setting and Design
The ISACS-TC (International Survey of Acute Coronary Syndromes in Transitional Countries) is a large observational and
multinational registry.12–16 Data were collected from 41
centers. Among these centers, there were 22 tertiary
healthcare services providing advanced medical investigation
and treatment, including percutaneous coronary intervention
(PCI) and/or cardiac surgery, and 19 secondary healthcare
services providing intensive care in critical coronary care
DOI: 10.1161/JAHA.117.007519

Statistical Analysis
We compared the baseline characteristics, management,
angiographic ﬁndings, and clinical outcomes between young
patients (aged ≤45 years) and old patients (aged
>45 years). Baseline characteristics were reported as
numbers and percentages for categorical variables and as
meanSD or median and interquartile percentile range for
continuous variables. Comparisons between groups were
Journal of the American Heart Association
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40.34.5

Age, y

630 (63.3)

723 (61.2)
27.44.5
469 (39.7)

Current smoker

Body mass index, kg/m2

Family history of CAD

20 (1.7)

Chronic kidney disease

118 (11.9)

143 (12.1)

1157 (98.4)
1092 (92.9)

Aspirin

Clopidogrel

In-hospital within 24 h medications

Time from symptom onset to hospital
admission ≤12 h

769 (65.1)

9.85.1

TIMI Risk Index

Medium-high TIMI Risk Index

9.85.5

81.023.1

919 (92.8)

977 (98.6)

661 (66.4)

81.224.3

139.622.1

139.521.1

56 (5.6)

HR at baseline, beats/min

73 (6.2)

Unstable angina

257 (25.8)

682 (68.5)

15 (1.5)

9 (0.9)

SBP at baseline, mm Hg

804 (68.0)
305 (25.8)

STEMI

NSTEMI

Clinical presentation

7 (0.6)
12 (1.0)

Prior stroke

Prior peripheral artery disease

Prior heart failure

9 (0.9)

4 (0.4)

9 (0.8)

Prior CABG

111 (11.2)

21 (2.1)

129 (10.9)

Prior PCI

109 (10.9)

97 (9.7)

394 (39.6)

27.22.8

26 (2.2)

126 (10.7)

Comorbidities

122 (10.3)

Prior angina pectoris

Prior myocardial infarction

Clinical history of ischemic heart disease

433 (43.5)

523 (44.2)

Hypertension

95 (9.5)

409/1060 (38.6)
117 (9.9)

Diabetes mellitus

346/886 (39.0)

40.24.6

Men (n=995)

Hypercholesterolemia, n/total (%)

Cardiovascular risk factors

Overall (N=1182)

Variables

Young Patients
(≤45 y)

3 (1.6)

173 (93.1)

180 (97.3)

108 (57.7)

25 (13.4)

9.82.3

80.115.0

140.726.9

17 (9.1)

48 (25.7)

122 (65.2)

5 (2.7)

3 (1.6)

0.92

0.20

0.07

0.56

0.87

0.55

0.49

0.07

0.96

0.37

0.33

0.38

0.049

0.63

0.19


5 (2.7)

0.54

0.44

0.13

0.57

0.03

0.002

0.43

0.48

0.48

0.21

P Value†

18 (9.6)

17 (9.1)

25 (13.4)

75 (40.1)

26.83.4

93 (49.7)

90 (48.1)

22 (11.8)

63/174 (36.2)

40.73.7

Women (n=187)

12 071 (88.9)

13 199 (96.8)

8326 (60.6)

12 896 (93.9)

25.613.5

81.321.6

140.924.1

1389 (10.1)

4167 (30.3)

8193 (59.6)

921 (6.7)

339 (2.5)

635 (4.6)

817 (5.9)

373 (2.7)

1702 (12.4)

2440 (17.7)

3118 (22.7)

4096 (29.8)

27.12.9

4636 (33.7)

9616 (69.9)

3624 (26.4)

5008/11 839 (42.3)

64.610.3

Overall (N=13 749)

Old Patients
(>45 y)

8190 (89.9)

8900 (97.3)

5681 (61.6)

8572 (93.1)

24.212.5

80.920.7

140.823.6

920 (9.9)

2696 (29.2)

5603 (60.8)

592 (6.4)

243 (2.6)

385 (4.2)

522 (5.7)

289 (3.1)

1216 (13.2)

1719 (18.6)

1988 (21.6)

2662 (28.9)

27.22.8

3568 (38.7)

6130 (66.5)

2189 (23.7)

3302/7960 (41.5)

63.49.9

Men (n=9219)

3881 (86.9)

4299 (95.8)

2645 (58.4)

4324 (95.7)

28.414.9

82.223.3

141.024.9

469 (10.3)

1471 (32.5)

2590 (57.2)

329 (7.3)

96 (2.1)

250 (5.5)

295 (6.5)

84 (1.8)

486 (10.7)

721 (15.9)

1130 (24.9)

1434 (31.7)

26.93.2

1068 (23.6)

3486 (76.9)

1435 (31.7)

1706/3879 (43.9)

67.710.4

Women (n=4530)

<0.001

Continued

<0.001

0.001

<0.001

<0.001

<0.001

<0.001

0.003

<0.001

<0.001

<0.001

0.65

0.09

<0.001
0.0007

0.55

0.49

<0.001
<0.001

<0.001

<0.001

<0.001

0.012

0.002

<0.001
0.066

<0.001
0.048

<0.001

0.14

<0.001
<0.001

<0.001
<0.001

<0.001
<0.001

<0.001

<0.001

<0.001

<0.001

0.0004

<0.001

<0.001
0.0009

0.019
<0.001

0.01

<0.001

<0.001

P Value*

<0.001

P Value‡
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Table 1. Baseline Characteristics of the Study Population

Acute Coronary Syndrome in the Young
Ricci et al

Journal of the American Heart Association

301 (25.6)

b Blockers

ACE inhibitors

30 (15–51)
2 (0.2)

Door-to-needle time, median (IQR), min

CABG

7 (0.7)

11 (3.5)

198 (63.2)

2 (0.3)

25 (15–45)

104 (15.2)

50 (25–100)

495 (72.6)

263 (26.5)

278 (28.1)

704 (83.7)

Men (n=995)

9 (4.8)

1 (1.5)

<0.001

0.40

0.11

0.55


35 (53.8)

0.07

0.39

0.07

0.11

0.08

0.19

0.93

P Value†

40 (30–65)

15 (12.3)

37.5 (23–58.5)

80 (65.6)

38 (20.5)

43 (23.5)

136 (83.9)

Women (n=187)

950 (6.9)

292 (5.3)

2411 (43.4)

67 (0.8)

25 (15–41)

948 (11.6)

45 (27–80)

4890 (59.7)

4294 (31.6)

4075 (30.0)

9112 (81.6)

Overall (N=13 749)

540 (5.9)

193 (5.3)

1718 (47.5)

48 (0.9)

28 (15–40)

679 (12.1)

45 (30–80)

3450 (61.6)

2928 (32.1)

2764 (30.4)

6208 (81.5)

Men (n=9219)

410 (9.0)

99 (5.1)

693 (35.7)

19 (0.7)

27.5 (15–45)

269 (10.4)

45 (25–80)

1440 (55.6)

1366 (30.5)

1311 (29.3)

2904 (81.6)

Women (n=4530)

<0.001

0.70

<0.001

0.56

0.52

0.02

0.24

<0.001

0.059

0.21

0.92

P Value‡

<0.001

0.07

<0.001

0.08

0.63

0.0075

0.72

<0.001

<0.001

0.06

0.087

P Value*

Data are given as number (percentage) or meanSD, unless stated otherwise. ACE indicates angiotensin-converting enzyme; ACS, acute coronary syndrome; CABG, coronary artery bypass graft; CAD, coronary artery disease; HR, heart rate;
IQR, interquartile range; NSTE, non–ST-segment–elevation; NSTEMI, non–ST-segment–elevation myocardial infarction; PCI, percutaneous coronary intervention; SBP, systolic blood pressure; STEMI, ST-segment–elevation myocardial
infarction; and TIMI, Thrombolysis in Myocardial Infarction.
*P value derived from comparison between overall young patients and overall old patients.
†
P value derived from comparison between women and men in the young population.
‡
P value derived from comparison between women and men in the old population.

30-d All-cause mortality

16 (1.3)

12 (3.2)

CABG

Outcomes

233 (61.6)

PCI

Patients with NSTE-ACS (n=5934)

50 (25–94)
119 (14.8)

Door-to-balloon time, median (IQR), min

Fibrinolysis

575 (71.5)

PCI

Patients with STEMI (n=8997)

Revascularization therapy

840 (83.7)
321 (27.4)

Heparins

Overall (N=1182)

Old Patients
(>45 y)
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Variables

Young Patients
(≤45 y)
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Table 2. Angiographic Characteristics of the Study Population

Angiographic Findings

Young Patients
(≤45 y)

Old Patients
(>45 y)

Overall
(N=691)

Men
(n=578)

Women
(n=113)

P Value†

Overall
(N=7032)

Men
(n=4937)

Women
(n=2095)

P Value‡

P Value*

No. of lesions

1 (1–2)

1 (1–2)

1 (1–2)

0.56

2 (1–3)

2 (1–3)

2 (1–3)

<0.001

<0.001

Calcific lesion

4 (0.6)

3 (0.5)

1 (0.9)

0.45

164 (2.3)

124 (2.5)

40 (1.9)

0.30

<0.001

Bifurcation lesion

42 (6.1)

33 (5.7)

9 (7.9)

0.57

366 (5.2)

254 (5.1)

112 (5.3)

0.62

0.16

Ostial lesion

2 (0.30)

1 (0.2)

1 (0.9)

0.21

104 (1.5)

76 (1.5)

28 (1.3)

0.79

<0.001

Eccentric lesion

2 (0.3)

1 (0.2)

1 (0.9)

0.21

42 (0.6)

38 (0.8)

4 (0.2)

0.016

0.002

Thrombus

138 (19.9)

122 (21.1)

16 (14.2)

0.18

1273 (18.1)

925 (18.7)

348 (16.6)

0.06

0.18

Non obstructive

79 (11.4)

62 (10.7)

17 (15.0)

0.18

709 (10.1)

431 (8.7)

278 (13.3)

<0.001

0.26

1-Vessel disease

433 (62.7)

369 (63.8)

64 (56.4)

0.15

3279 (46.6)

2306 (46.7)

973 (46.4)

0.83

<0.001

LAD stenosis

232 (33.6)

196 (33.9)

36 (31.8)

0.66

1569 (22.3)

1110 (22.5)

459 (21.9)

0.58

<0.001

Circumflex artery stenosis

44 (6.4)

37 (6.4)

7 (6.0)

0.87

460 (6.5)

320 (6.5)

140 (6.7)

0.76

0.93

RCA stenosis

157 (22.7)

136 (23.5)

21 (18.6)

0.25

1250 (17.8)

876 (17.7)

374 (17.8)

0.92

0.0007

2-Vessel disease

129 (18.7)

109 (18.9)

20 (17.7)

0.77

1925 (27.4)

1388 (28.1)

537 (25.6)

0.033

<0.001

35 (5.1)

27 (4.7)

8 (7.1)

0.28

416 (5.9)

292 (5.9)

124 (5.9)

NaN

0.39

LAD and circumflex artery stenosis
LAD and RCA stenosis

58 (8.4)

52 (8.9)

6 (5.3)

0.20

887 (12.6)

651 (13.2)

236 (11.3)

0.03

0.002

Circumflex artery and RCA stenosis

36 (5.2)

30 (5.2)

6 (5.3)

0.96

622 (8.8)

445 (9.0)

177 (8.4)

0.78

0.01

50 (7.2)

38 (6.6)

12 (10.6)

0.13

1119 (15.9)

812 (16.4)

307 (14.6)

0.06

<0.001

3-Vessel disease§
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Data are presented as number (percentage) or median (interquartile range). LAD indicates left anterior descending artery; NaN, not a number; and RCA, right coronary artery.
*P value derived from comparison between overall young patients and overall old patients.
†
P value derived from comparison between women and men in the young population.
‡
P value derived from comparison between women and men in the old population.
§
Three-vessel disease: ≥50% stenoses in 3 major epicardial vessels or ≥50% stenoses in the left main coronary artery.

made by either v2 test for baseline categorical variables
and a 2-sample t test or Kruskal-Wallis rank-sum test for
continuous variables. Multivariable logistic-regression analyses were performed to evaluate the relations between
baseline characteristics and the occurrence of death at
30 days and clinical presentation of ACS at a young age.
Fixed covariates included in the analyses were as follows:
sex; cardiovascular risk factors (history of hypercholesterolemia, hypertension, and diabetes mellitus, smoking
status, family history of CAD, and body mass index [BMI]);
clinical history of ischemic heart disease (prior angina
pectoris, prior myocardial infarction, prior PCI, and prior
coronary artery bypass graft surgery); clinical history of
cardiovascular disorders (prior peripheral artery disease,
prior heart failure, and prior stroke); severity of clinical
presentation (STEMI at index event, systolic blood pressure
and heart rate at hospital admission, TIMI Risk Index, and
chronic kidney disease); and time from symptom onset to
hospital admission of ≤12 hours. Covariates introduced in
the secondary analyses, as categorical variables, were as
follows: in-hospital within 24 hours medication (speciﬁcally
aspirin, clopidogrel, heparins, b blockers, and angiotensinDOI: 10.1161/JAHA.117.007519

converting enzyme inhibitors) and reperfusion therapy,
which included PCI and ﬁbrinolysis. Further analyses were
performed to evaluate sex differences in the severity of
CAD (signiﬁcant versus nonobstructive) and the extent of
the disease (number of diseased vessels with signiﬁcant
stenosis).

Missing Values
We had complete data on age, sex, and 30-day mortality.
Some patients had missing data on other variables. We
imputed the missing values of the clinical variables whose
missing rate was <10% using STATA software. For the clinical
features, whose missing rate was >10%, we performed a
Pearson v2 statistical test for independence between those
features and mortality. Only the variable “hypercholesterolemia” had missing rates of >10%, and it was statistically
dependent on the end point of mortality. We, therefore, did
not dismiss this variable from the predictive model of
mortality, and we kept it as missing.19
For all analysis, statistical signiﬁcance was deﬁned as P<0.05,
and STATA 11 (StataCorp, College Station, TX) was used.
Journal of the American Heart Association
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Figure 1. Independent predictors of acute coronary syndrome in the young population. BMI indicates
body mass index; CABG, coronary artery bypass graft; CAD, coronary artery disease; CI, conﬁdence interval;
OR, odds ratio; and PCI, percutaneous coronary intervention. *SD for BMI was 3 kg/m2.
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Table 3. Multivariate Analysis of Factors Associated With 30-Day All-Cause Mortality in the Overall Population and According to
Sex
Overall Population (N=14 931)

Women (n=4717)

Men (n=10 214)

Variables

OR (95% CI)

P Value

OR (95% CI)

P Value

OR (95% CI)

P Value

Female sex

1.54 (1.32–1.80)

<0.001









Age ≤45 y

0.44 (0.23–0.82)

0.01

1.35 (0.50–3.62)

0.54

0.24 (0.10–0.58)

0.001

Diabetes mellitus

1.07 (1.01–1.13)

0.011

1.07 (0.98–1.17)

0.12

1.07 (1.004–1.14)

0.038

Hypercholesterolemia

0.43 (0.36–0.51)

<0.001

0.39 (0.30–0.52)

<0.001

0.45 (0.36–0.56)

<0.001

Current smoker

1.02 (0.96–1.07)

0.54

1.08 (1.003–1.15)

0.042

0.95 (0.87–1.04)

0.29

Hypertension

1.05 (0.97–1.14)

0.20

1.04 (0.91–1.18)

0.58

1.05 (0.94–1.17)

0.36

Family history of CAD

1.01 (0.98–1.04)

0.36

1.01 (0.96–1.05)

0.68

1.01 (0.97–1.06)

0.45

Body mass index (per 1-SD increment*)

0.86 (0.83–0.97)

0.008

0.92 (0.82–1.03)

0.18

0.87 (0.78–0.98)

0.021

Medium-high TIMI Risk Index

2.48 (1.42–4.32)

0.001

4.19 (1.45–12.10)

0.008

2.001 (1.05–3.82)

0.036

STEMI

1.45 (1.21–1.73)

<0.001

1.64 (1.24–2.16)

<0.001

1.35 (1.07–1.70)

0.010

SBP at baseline (per 1-SD increment*)

0.59 (0.55–0.65)

<0.001

0.59 (0.52–0.66)

<0.001

0.60 (0.54–0.66)

<0.001

HR at baseline (per 1-SD increment*)

1.25 (1.15–1.36)

<0.001

1.28 (1.12–1.45)

<0.001

1.22 (1.09–1.36)

<0.001

Time from symptom onset to hospital admission ≤12 h

0.95 (0.92–0.98)

0.002

0.95 (0.89–0.99)

0.038

0.95 (0.91–0.99)

0.031

Chronic kidney disease

1.32 (1.23–1.41)

<0.001

1.27 (1.14–1.42)

<0.001

1.35 (1.24–1.47)

<0.001

Clinical history of ischemic heart disease

1.16 (0.98–1.37)

0.075

1.01 (0.78–1.30)

0.93

1.26 (1.02–1.56)

0.033

Clinical history of cardiovascular disorders

2.11 (1.74–2.56)

<0.001

1.72 (1.25–2.36)

0.001

2.36 (1.84–3.03)

<0.001

CAD indicates coronary artery disease; CI, conﬁdence interval; HR, heart rate; OR, odds ratio; SBP, systolic blood pressure; STEMI, ST-segment–elevation myocardial infarction; and TIMI,
Thrombolysis in Myocardial Infarction.
*SDs for heart rate, systolic blood pressure, and body mass index are 22 beats/min, 24 mm Hg, and 3 kg/m2, respectively.
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Figure 2. Impact of in-hospital medications and reperfusion therapy on the odds of mortality sorted by
sex: young vs old age. Odds ratios and 95% conﬁdence intervals (CIs) for 30-day mortality of young
compared with old patients with acute coronary syndrome. ACE indicates angiotensin converting enzyme.
Downloaded from http://ahajournals.org by on May 13, 2020

Results
There were 14 931 patients with a diagnosis of ACS enrolled
in the ISACS-TC registry between October 2010 and April
2016. The mean age of our cohort was 62.611.9 years, and
4717 subjects (31.6%) were women. Of these patients, 1182
(7.9%) were aged ≤45 years. Of the 14 931 patients, 966
(6.5%) died at 30-day follow-up.

vessel disease was less common (7.2% versus 15.9%) in the
young patients. Young patients had signiﬁcantly less calciﬁcation. There was a predilection for the presence of signiﬁcant
CAD in the left anterior descending artery in the young group.
There was a trend toward more nonobstructive disease in
young women versus young men, although this did not reach
statistical signiﬁcance (15% versus 10.7%). The speciﬁc
coronary arteries with disease are delineated for each
population in Table 2.

Patient Characteristics
Table 1 lists the characteristics of patients based on age.
Young patients were more commonly men and more likely
to be smokers compared with old patients. Young patients
also had fewer comorbidities: they less commonly had
diabetes mellitus, hypercholesterolemia, and hypertension.
More young patients had a family history of CAD and had a
higher BMI.

Angiographic Comparison
Baseline angiographic data in the young population ranged
from 3-vessel disease in 7.2% to no signiﬁcant stenoses in
11.4% of patients. Younger patients had a higher incidence of
single-vessel disease (62.7% versus 46.6%). Conversely, 3DOI: 10.1161/JAHA.117.007519

Clinical Presentation and Management
The distribution of STEMI and non–ST-segment–elevation ACS
was signiﬁcantly different between young and old patients:
STEMI was the most common clinical manifestation of ACS in
the young cases (Table 1). Young patients were at lower risk,
as assessed by the TIMI Risk Index. More young patients
reached the hospital before 12 hours from symptom onset.
Multivariate analysis showed 3 clinical variables that were
identiﬁed as independent risk factors for the occurrence of
ACS in the young population: male sex, smoking habit, and
higher BMI (Figure 1).
Initial management of ACS in young patients differed
slightly from the standard management in the old group. The
Journal of the American Heart Association
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Clinical Factors

OR

95% CI

P Value

Female sex

6.03

2.07–17.53

0.001

Diabetes mellitus

0.67

0.12–3.89

0.66

Hypercholesterolemia

1.94

0.63–5.97

0.24

Current smoker

0.97

0.52–1.80

0.92

Hypertension

0.80

0.27–2.32

0.68

Family history of CAD

1.01

0.78–1.31

0.92

Body mass index
(per 1-SD increment*)

0.74

0.42–1.30

0.30

Medium-high TIMI Risk Index

1.66

0.30–9.21

0.55

STEMI

1.30

0.32–5.26

0.70

SBP at baseline (per 1-SD increment*)

0.89

0.49–1.60

0.71

HR at baseline (per 1-SD increment*)

0.91

0.38–2.14

0.82

Time from symptom onset ≤12 h

0.87

0.66–1.15

0.34

Chronic kidney disease

1





Clinical history of ischemic
heart disease

0.74

0.18–3.02

0.68

Clinical history of cardiovascular
disorders

1.38

0.15–12.28

0.79
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CAD indicates coronary artery disease; CI, conﬁdence interval; HR, heart rate; OR, odds
ratio; SBP, systolic blood pressure; STEMI, ST-segment–elevation myocardial infarction;
and TIMI, Thrombolysis in Myocardial Infarction.
*SDs for heart rate, systolic blood pressure, and body mass index are 22 beats/min,
24 mm Hg, and 3 kg/m2, respectively.

rate of administration of aspirin and clopidogrel was higher in
young patients. In contrast, young patients less frequently
received angiotensin-converting enzyme inhibitors. More
young patients received PCI, both for STEMI and non–STsegment–elevation ACS (Table 1).

Clinical Factors Associated With 30-Day AllCause Mortality
When all of the clinical baseline variables were assessed
simultaneously in multivariable analysis (Table 3), there were
7 factors positively associated with 30-day all-cause mortality:
female sex, history of diabetes mellitus, greater TIMI Risk
Index, STEMI as the index event, chronic kidney disease,
clinical presentation with a higher heart rate, and clinical
history of cardiovascular disorders. Age of ≤45 years had a
signiﬁcant protective effect on mortality (odds ratio [OR],
0.44; 95% conﬁdence interval, 0.23–0.82). Multiple regression analysis was then repeated separately for men and
women (Table 3). Interestingly, young age remained a factor
associated with survival in men (OR, 0.24; 95% conﬁdence
interval, 0.10–0.58), but not in women (OR, 1.35; 95%
DOI: 10.1161/JAHA.117.007519

conﬁdence interval, 0.50–3.62). The adjusted OR for mortality
associated with younger age did not change when controlling
for medications used at hospital admission and reperfusion
therapy (Figure 2).

Mortality in the Young Population
Regression analysis in the young patients revealed that the
only variable associated with 30-day mortality was female sex:
younger women had worse outcomes than men of a similar
age (OR, 6.03; 95% conﬁdence interval, 2.07–17.53), even
after adjusting for use of guideline-recommended medications
and reperfusion therapy (Table 4 and Figure 3).

Discussion
In this study, we have shown, in a large contemporary cohort of
young patients with ACS, that female sex is an independent
predictor of 30-day mortality. Thirty-day mortality was 5 times
higher in women than men. Although univariate analysis
suggested a protective effect of young age (≤45 years), this
mortality advantage of young patients did not withstand
multivariate analysis accounting for differences in baseline
characteristics and sex. Young age remained an independent
predictor of lower 30-day mortality in men, but not in women.
The young women cohort was treated as well as its male
counterpart. They had equal use of evidence-based strategies,
and a similar proportion of young women and young men
experienced delays to hospital admission of >12 hours.
Compared with older women, young women had a signiﬁcantly
lower TIMI Risk Index, but they underwent more PCI. Delays to
hospital admission of >12 hours were more frequent with
advanced age.20 These ﬁndings, therefore, provide compelling
evidence that the young women’s paradox of higher short-term
mortality compared with men among patients with ACS cannot
be explained by a lower quality of care, as assessed by prior
work.1,21–25

Demographic and Clinical Proﬁles of the Young
Patients
The demographic and clinical proﬁles of the young patients
enrolled in the ISACS-TC registry are comparable with those
of young patients in other large studies of patients with
ACS.3,7,26 The present study showed that 8% of all patients
hospitalized with ACS were aged ≤45 years. In the GRACE
(Global Registry of Acute Coronary Events) study, the
frequency of young patients with ACS was 6.3%7; in the Thai
ACS Registry and the ACS Spain Registry, the proportion of
young people with ACS was 5.8% and 7%, respectively.3,26 The
mean age of our young ACS cohort was 40.36 years, which
is consistent with prior work.1,3,7 Sex distribution also
Journal of the American Heart Association
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Table 4. Multivariate Analysis of Clinical Factors Associated
With 30-Day All-Cause Mortality in the Young Population
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Figure 3. Young patients: impact of in-hospital medications and reperfusion therapy on the odds of
Downloaded from http://ahajournals.org by on May 13, 2020

mortality of women vs men. Odds ratios (ORs) and 95% conﬁdence intervals (CIs) for 30-day mortality of
young women vs young men with acute coronary syndrome. ACE indicates angiotensin converting enzyme.

followed a pattern already observed in previous studies, with a
lower percentage of women in the young-age group.1,3,7

Risk Factor Proﬁles of the Young Patients
In the current study, smoking and a higher BMI were independent predictors of ACS in the young population. One potential
explanation for these ﬁndings could be a lack of awareness and
poorer control of risk factors among the young population. This
is consistent with population-based estimates. The National
Health and Nutrition Examination Survey reported that,
although signiﬁcant reductions were observed in the proportion
of the US elderly population having traditional risk factors from
1999 to 2010, no signiﬁcant declines were observed for women
<60 years and men <40 years.27 Our results are concordant
with previous ﬁndings in which a high BMI was most predictive
of death from cardiovascular disease among men and women in
all age groups, but the relative increase in risk associated with a
high BMI declined with increasing age.28 Our data are also in
keeping with recent data showing that smokers who were <50
years had the worst discrepancy in risk of STEMI: >8 times that
of former and never smokers.29 Overall, these ﬁndings suggest
inadequacy of screening and risk factor control efforts among
young people.
DOI: 10.1161/JAHA.117.007519

Thirty-Day Mortality
To our knowledge, we are the ﬁrst to demonstrate that young
age is independently predictive of lower 30-day mortality after
multivariate analysis among men, but not women, with ACS.
When multivariate regression was performed on outcomes
from the Get With the Guidelines-Coronary Artery Disease
registry, consistent with our data, the sex difference in shortterm mortality was greater in the younger cohort than in the
older cohort. However, differences across sexes (young
versus old women or young versus old men) were not
examined.1 Differences between the results of that study and
ours may be also attributable to inclusion of only patients with
STEMI and lack of angiographic data on the severity and
extent of CAD. Other studies have demonstrated that young
age is associated with an increased relative risk of cardiovascular death30,31 in women who present with acute
myocardial infarction. However, these results are derived
from long-term follow-up data rather than the early 30-day
mortality that we present, and they are not speciﬁcally
representative of the overall spectrum of patients with ACS.
The deﬁnition of what constitutes a young patients often
differs in such studies and may constitute a further barrier for
comparison with our study.
Journal of the American Heart Association
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Atherosclerosis of the coronary arteries is known to have an
impact on the development and severity of ACS.32 Given that
young patients with ACS presented an average of 2 decades
earlier than old patients and with fewer risk factors, it is
conceivable that we observed less multivessel disease, less
calciﬁcation, and fewer ostial lesions in young people
compared with old people. There was a predilection for the
presence of signiﬁcant CAD in the left anterior descending
artery in the young group, as previously documented.33,34 An
interesting observation is that the proportion of nonobstructive CAD was similar in the young women and men (15%
versus 10%), but the mortality rate was higher in women.
Thus, sex differences in 30-day mortality in young people are
not explained by the difference in the severity of angiographically documented disease. Other aspects may account for the
difference in outcomes between young women and men and
may be related to vascular biological factors, such as lower
coronary ﬂow reserve, more vascular stiffness, and functional
differences of smooth muscle cells in the vessel wall.35,36 The
issue of menopause is not thoroughly deﬁned. The Framingham Heart Study reported a higher risk of cardiovascular
disease in postmenopausal women that was even more
pronounced in women aged 40 to 44 years,37 whereas the
Nurses’ Health Study found no signiﬁcant association with
time since natural menopause.38 Socioeconomic status and
level of depression may also play an important role in ACS
prognosis in women.39,40

Study Limitations
There are some limitations that must be noted. The current
analysis is an observational study; therefore, we cannot
excluded possible confounding variables that were not
controlled. An ACS diagnosis in young patients could be
problematic because myocarditis can mimic acute myocardial
infarction. Thus, the prevalence of ACS at a young age might
be inﬂuenced by an overdiagnosis or a misdiagnosis. We have
no data about the use of substances in our patients,
especially marijuana and sympathomimetic amines, which
have been found to correlate with ACS at a younger age.41
Furthermore, the lack of a universal deﬁnition of “young”
patients made the comparison among the few studies
performed on this issue hard.

Conclusions
We found that younger patients with ACS were more likely to
be men. However, young women had a higher 30-day
mortality compared with men, despite similar quality-of-care
and in-hospital procedures. Young women also have similar
DOI: 10.1161/JAHA.117.007519

times to hospital presentation and treatment after symptom
onset compared with men. More important, young age was an
independent predictor of lower 30-day mortality in men, but
not in women, which suggests a sex-speciﬁc inﬂuence on ACS
and provides a possible explanation for sex differences in
outcomes. Future investigations should be performed to
corroborate these ﬁndings and to explore potential mechanisms for ACS in women.

Disclosures
None.
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