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Sex Differences in Timeliness of Reperfusion in Young Patients With
ST-Segment–Elevation Myocardial Infarction by Initial
Electrocardiographic Characteristics
Aakriti Gupta, MD; Jose A. Barrabes, MD; Kelly Strait, MS; Hector Bueno, MD; Andreu Porta-Sanchez, MD, MSc; J. Gabriel Acosta-Velez,
MD; Rosa-Maria Lidon, MD; Erica Spatz, MD; Mary Geda, MSN; Rachel P. Dreyer, PhD; Nancy Lorenze, MSN; Judith Lichtman, PhD;
Gail D’Onofrio, MD; Harlan M. Krumholz, MD, SM

Background-—Young women with ST-segment–elevation myocardial infarction experience reperfusion delays more frequently than
men. Our aim was to determine the electrocardiographic correlates of delay in reperfusion in young patients with ST-segment–
elevation myocardial infarction.
Methods and Results-—We examined sex differences in initial electrocardiographic characteristics among 1359 patients with
ST-segment–elevation myocardial infarction in a prospective, observational, cohort study (2008–2012) of 3501 patients with acute
myocardial infarction, 18 to 55 years of age, as part of the VIRGO (Variation in Recovery: Role of Gender on Outcomes of Young
AMI Patients) study at 103 US and 24 Spanish hospitals enrolling in a 2:1 ratio for women/men. We created a multivariable logistic
regression model to assess the relationship between reperfusion delay (door-to-balloon time >90 or >120 minutes for transfer or
door-to-needle time >30 minutes) and electrocardiographic characteristics, adjusting for sex, sociodemographic characteristics,
and clinical characteristics at presentation. In our study (834 women and 525 men), women were more likely to exceed reperfusion
time guidelines than men (42.4% versus 31.5%; P<0.01). In multivariable analyses, female sex persisted as an important factor in
exceeding reperfusion guidelines after adjusting for electrocardiographic characteristics (odds ratio, 1.57; 95% CI, 1.15–2.15).
Positive voltage criteria for left ventricular hypertrophy and absence of a prehospital ECG were positive predictors of reperfusion
delay; and ST elevation in lateral leads was an inverse predictor of reperfusion delay.
Downloaded from http://ahajournals.org by on January 25, 2019

Conclusions-—Sex disparities in timeliness to reperfusion in young patients with ST-segment–elevation myocardial infarction
persisted, despite adjusting for initial electrocardiographic characteristics. Left ventricular hypertrophy by voltage criteria and
absence of prehospital ECG are strongly positively correlated and ST elevation in lateral leads is negatively correlated with
reperfusion delay. ( J Am Heart Assoc. 2018;7:e007021. DOI: 10.1161/JAHA.117.007021.)
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W

omen with ST-segment–elevation myocardial infarction (STEMI) receive timely therapy to achieve coronary reperfusion less frequently and experience more delays
than similarly aged men.1,2 This sex gap exists not only among
older individuals but also in young patients with STEMI.3 Of
every 5 young women who present with STEMI in the United
States, 2 exceed the guideline-recommended coronary reperfusion time.3 This delay is particularly concerning in young

patients, for whom survival advantage of coronary reperfusion
is lost much sooner than among elderly patients.4 Higher
premature mortality after myocardial infarction in women
translates into more potential years of life lost compared with
men.5 As such, young women with STEMI constitute a
particularly vulnerable population, triggering the need to
understand reasons behind departure from clinical guidelines
in administering timely reperfusion among them.
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What Is New?
• There are signiﬁcant sex differences in the initial
electrocardiographic characteristics of young patients
with ST-segment–elevation myocardial infarction.
• ST-segment elevation occurs in fewer leads and is of lower
magnitude in women, whereas positive voltage criteria for
left ventricular hypertrophy are noted more frequently in
men.
• Young women with ST-segment–elevation myocardial infarction are more likely to experience reperfusion delay
compared with men, despite adjusting for differences in
sociodemographic, clinical, and initial electrocardiographic
characteristics.
• Absence of prehospital ECG and positive voltage criteria for
left ventricular hypertrophy on the initial ECG were strongly
correlated with reperfusion delay, whereas ST-segment
elevation in the lateral leads was an inverse predictor.

Accordingly, we used data from the VIRGO (Variation in
Recovery: Role of Gender on Outcomes of Young AMI Patients)
study, which was speciﬁcally designed to address questions
about the care of young women with acute myocardial
infarction (AMI) in a large geographically diverse patient
sample. A prespeciﬁed question was whether there are
important sex differences in electrocardiographic ﬁndings that
affect care. Our objectives were to evaluate sex differences in
electrocardiographic characteristics at presentation in young
patients with STEMI. We also sought to determine whether
these differences explain sex differences in timeliness of
coronary reperfusion. This information may lay a foundation for
future efforts to improve guidance about diagnostic criteria,
improve timeliness of guideline-recommended care, and ultimately improve outcomes, for young women with STEMI.

Methods
Study Population

What Are the Clinical Implications?
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• Emergency personnel should be sensitized to sex differences in electrocardiographic characteristics of young
patients with ST-segment–elevation myocardial infarction
to enable appropriate and timely diagnosis.
• There remains a need to maximize the use of prehospital
ECG to facilitate timelier diagnosis and reperfusion.
• Strategies to minimize delays secondary to misdiagnosis in
patients with positive voltage criteria for left ventricular
hypertrophy should be implemented.
• These may include recording serial ECGs for evolutionary
changes and comparing with prior ECGs, if available.
• There is a need to focus our attention on other system- and
patient-level factors that may cause sex disparities in
treatment delay.

Differences in the initial ECG may explain, at least in part,
differences in the time to reperfusion among women and men.
Prior literature has documented differences in electrocardiographic characteristics of healthy women and men.6–8 For
example, the normal limits of ST-segment amplitude or J-point
elevation have been shown to be lower in healthy women
compared with men.8 A consensus document of the universal
deﬁnition of myocardial infarction, published by the major
international cardiology societies, has acknowledged these
differences and proposed differential criteria for signiﬁcant
ischemia in women versus men with J-point elevation.9
Despite this, only a few studies have investigated sex-related
differences in electrocardiographic characteristics in patients
with STEMI.10–12 Although these studies were limited by size
and scope, some, but not all, suggested that women have less
pronounced electrocardiographic changes than men.
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The data that support the ﬁndings of this study are available
from the corresponding author on reasonable request.
Funding for deidentiﬁcation of protected health information
in the study would also need to be provided. The VIRGO
study is the largest prospective observational study of young
and middle-aged women and men with AMI and was
designed to examine sex differences in the presentation,
treatment, and outcomes of young and middle-aged patients
with AMI. Details on the study design and method have been
previously reported.13 In brief, young and middle-aged
patients with AMI were enrolled from 103 hospitals in the
United States and 24 hospitals in Spain, between August 21,
2008 and January 5, 2012, using a 2:1 female/male
enrollment ratio. Eligible patients were between 18 and
55 years old, met AMI criteria, and presented or transferred
to an enrolling institution within the ﬁrst 24 hours of
hospital presentation. AMI criteria included the following:
(1) an increase in cardiac biomarkers (troponin I or T or
creatine kinase-muscle/brain) with at least 1 value >99th
percentile of the upper reference limit within 24 hours of
admission; and (2) supporting evidence of myocardial
ischemia, including symptoms of ischemia, electrocardiographic changes indicative of new ischemia (ST-segment
changes, left bundle branch block, or the development of
pathological Q waves), or other evidence of myocardial
necrosis on imaging. Patients who developed elevated
cardiac markers as a complication of elective coronary
revascularization were not eligible for inclusion to this study.
Additional exclusion criteria included the inability to speak
English or Spanish, to provide informed consent, or to be
contacted for follow-up. A total of 3572 patients were
enrolled in the VIRGO study from the United States, Spain,
Journal of the American Heart Association
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Data Collection and Variables
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Information on patient demographics, socioeconomic status,
healthcare access, psychosocial risk factors, and symptoms
was self-reported by the patient. Data on medical history,
comorbidities, time to presentation, and clinical presentation
were largely derived from the medical chart; however, in some
cases, information from both the medical chart and patient
interviews was combined to ensure variable completeness.
Trained personnel conducted interviews and reviewed medical
charts during the index AMI admission for the following:
(1) sociodemographic factors, including age (categorized as
18–40 and 40–55 years), self-identiﬁed race (black, white, or
other), Hispanic origin, socioeconomic status, and marital
status; and (2) medical history, including prior coronary
disease (AMI, percutaneous coronary intervention [PCI], or
coronary artery bypass graft), presenting symptoms (typical/
atypical chest pain and no symptoms), cardiac risk factors
(diabetes mellitus, hypertension, dyslipidemia, obesity [body
mass index ≥30 kg/m2], and smoking status), hemodynamic
instability (ventricular tachycardia/ﬁbrillation and blood pressure <90 mm Hg), and the absence of a prehospital ECG. The
timings of ﬁrst hospital arrival, the qualifying ECG that
prompted cardiac catheterization laboratory activation in
either the emergency department or the ﬁeld, and primary
PCI balloon inﬂation or initiation of ﬁbrinolytic therapy were
recorded. We deﬁned eligibility for reperfusion as ≥30 minutes of chest pain within 12 hours of presentation and STsegment elevation >1 mm in ≥2 consecutive leads or left
bundle branch block that was new or of unknown duration.
We deﬁned treatment delay as door-to-needle time >30 minutes for patients receiving ﬁbrinolysis, door-to-balloon time
>90 minutes for in-house management of patients who
received primary PCI, and door-to-balloon time >120 minutes
for patients who were transferred for primary PCI. An expert
team of reviewers afﬁliated with the Yale Coordinating Center
independently adjudicated electrocardiographic ﬁndings.
DOI: 10.1161/JAHA.117.007021

Electrocardiographic Analyses
The admission ECG for each patient was reviewed at a core
laboratory, which included 4 researchers (J.A.B., A.P., J.G.A.,
and R.M.L.). The reviewers were blinded to patient sex or
therapy. Reliability of electrocardiographic reading was tested
in 100 randomly selected electrocardiographic tracings.
Before starting electrocardiographic reading, intraobserver
(1 reader [J.A.B.]) and interobserver (among the 4 readers of
the core laboratory) variability was assessed in 100 randomly
selected tracings for the following variables: abnormal Q
waves, ST-segment elevation ≥0.1 mV in ≥2 contiguous leads
(≥0.15 mV for V2–V3), ST-segment depression ≥0.05 mV in
≥2 contiguous leads, and negative T waves. Agreement
between pairs of observations and the j index was used as
measures of variability. During the reading period, borderline
and doubtful cases (ranging from selection of the index
tracing when different tracings of the same patient were
provided, to diagnosis of QRS fragmentation, hemiblocks, and
abnormal Q waves) were discussed with 1 of the core
laboratory members (J.B.) and an agreement was reached.
Intraobserver agreement for 4 major electrocardiographic
ﬁndings (abnormal Q waves, ST elevation, ST depression, and
T-wave inversion) ranged between 96% and 99% (j index,
0.89–0.98), and mean interobserver agreement for the same
variables ranged between 87% and 90% (mean j index, 0.61–
0.80). We measured the magnitude of ST-segment elevation
or depression in each lead to the nearest 0.5 mm from a
scanned copy of the initial ECG. We deﬁned Q waves as
pathological when they had a duration of ≥30 ms in ≥2
contiguous leads or in the presence of an R wave of ≥40 ms
in lead V1 and an R>S amplitude in lead V2.14 The presence of
possible confounding factors, such as bundle branch block,
ventricular hypertrophy, or poor ECG quality, was noted. We
analyzed the following initial electrocardiographic variables:
cardiac rhythm, heart rate, PR, QRS, and corrected QT interval
duration, left ventricular hypertrophy (LVH) by Sokolow-Lyon
criteria, pathological Q waves, number of leads with STsegment elevation or depression, total elevation of the ST
segment, total depression of the ST segment (in both cases,
the summation in millimeters in all the leads affected), and
negative T waves. ST-segment elevation was measured
0.02 seconds after the J point, and ST depression was
measured 0.08 seconds after the J point, in the affected leads
in comparison to the T-P segment. The infarction was
considered to be anterior (leads V1–V4), inferior (II, III, and
aVF), or lateral (leads I, aVL, and/or V5 and V6). Negative T
waves were deﬁned as symmetric T waves of ≥0.25-mV
amplitude in ≥2 contiguous leads with a prominent R or with
R>S amplitude. In cases in which the electrocardiographic
ﬁndings were complex or ambiguous, the primary reader
included any comments or questions in a spreadsheet that
Journal of the American Heart Association
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and Australia. Of these patients, we included 3501 (2349
women and 1152 men) in our analyses from the United
States and Spain. We restricted our analyses to the 1359
patients presenting with STEMI (1132 from the United
States and 227 from Spain). The most common cause for
exclusion was refusing informed consent. Enrolled and
nonenrolled patients had similar demographic characteristics. Data about reperfusion times were missing for 58
women and 30 men. These patients were excluded from
analyses pertaining to treatment delay, for which the ﬁnal
sample included 1271 patients. Institutional review board
approval was obtained at each participating center, and all
patients provided written informed consent to participate.
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Statistical Analyses
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We compared electrocardiographic characteristic variables
between women and men, overall and by country, using v2
tests for categorical variables and Wilcoxon rank sum test for
continuous variables. Categorical variables are presented as
percentages in each category, and continuous variables are
presented as medians. In addition, we compared electrocardiographic characteristics for each sex by reperfusion delay.
We developed a multivariable logistic regression model to
assess the relationship between electrocardiographic characteristics at presentation and treatment delay. Presence of left
or right bundle branch block and atrial ﬁbrillation was missing
for >25% of patients in our study, so those variables were
excluded from the multivariable analysis. Our model included
sex, sociodemographic characteristics (age, race, marital
status, health insurance, and education level), prior cerebrovascular disease (stroke or transient ischemic attack) or
heart disease (AMI, coronary artery bypass graft, or PCI), and
presence of cardiovascular risk factors (diabetes mellitus,
obesity, hypertension, hypercholesterolemia, and smoking). It
also included additional clinical factors that have been
previously identiﬁed as potential reasons for variation in time
to reperfusion as covariates: the presence of atypical symptoms, presentation >6 hours of symptom onset, heart failure at
presentation, and the absence of prehospital ECG. To account
for differences in the baseline characteristics of patients from
the United States and Spain, we performed sensitivity analyses
and repeated the multivariable model assessing the relationship of electrocardiographic variables with reperfusion delay
for US patients only. Given the exploratory nature of this study,
no correction was applied for multiple testing. We rejected the
null hypothesis for P<0.05. All analyses were performed in
SAS, version 9.4 (SAS Institute, Cary, NC) by 1 of us (K.S.).

Results
Patient Characteristics
The baseline characteristics of all patients, stratiﬁed by sex and
country, are in Table 1. The differences in baseline characteristics of the ﬁrst ECG by sex and country are in Table 2. Overall,
both young women and men did not have different heart rates
and PR intervals. Young women had signiﬁcantly shorter QRS
intervals (87 versus 92 ms; P=0.0001) but longer corrected QT
intervals (445 versus 425 ms; P=0.0001). Presence of LVH by
voltage criteria was much more common in young men
compared with women (3.7% versus 1.4%; P=0.008). Although
the frequency of anterior and lateral pathological Q waves was
DOI: 10.1161/JAHA.117.007021

not signiﬁcantly different between sexes, inferior Q waves were
observed less frequently in women (17.1% versus 24.6%;
P<0.01). The location of ST-segment elevation was not
signiﬁcantly different across all precordial and limb leads by
sex. Women had ST-segment elevation in fewer leads
compared with men (3 versus 4 leads; P<0.01). The extent of
ST-segment elevation was signiﬁcantly lower among women
(P<0.01), with 1.6% of women having ≥6-mm elevation
compared with 6.1% of men; and 67% of women having
≤2-mm elevation compared with 59.8% of men. The magnitude
of ST-segment depressions was not signiﬁcantly different
across the precordial and limb leads between sexes. Women
had higher frequency of T-wave inversions in the anterior leads
(9.3% versus 5.6%; P=0.01).

Electrocardiographic Characteristics by
Treatment Delay and Sex
Of 1271 patients with STEMI eligible to undergo coronary
reperfusion, 485 had reperfusion delay (42.4% of women and
31.5% of men). We examined the differences in electrocardiographic characteristics by sex and treatment delay status
(Table 3). In univariate analyses, young women who exceeded
reperfusion times were more likely to have longer corrected
QT intervals and less likely to have presented with STsegment elevation in lateral and inferior leads and ST-segment
depression in anterior and lateral leads than those who
received timely reperfusion. Similarly, young men who experienced delay in reperfusion were more likely to have
presented with ST-segment elevation ≤2 mm and T-wave
inversions in lateral leads; and less likely to have presented
with ST-segment elevation in anterior and lateral leads than
those received timely reperfusion.

Electrocardiographic Predictors of Treatment
Delay
In multivariable analyses (Table 4), female sex persisted as an
independent predictor of treatment delay, despite adjusting
for all the electrocardiographic variables (odds ratio [OR],
1.57; 95% conﬁdence interval [CI], 1.15–2.15), in addition to
the sociodemographic and clinical variables. LVH (OR, 2.84;
95% CI, 1.06–7.64) was a predictor of reperfusion delay,
whereas ST-segment elevation in lateral leads (OR, 0.57; 95%
CI, 0.41–0.78) emerged as an inverse predictor. Absence of
prehospital ECG (OR, 1.64; 95% CI, 1.24–2.16) was also
signiﬁcantly associated with exceeding guideline-recommended reperfusion times. The effect sizes of most of the
variables were comparable in sensitivity analyses including
the US patients only. LVH was not a statistically signiﬁcant
predictor (OR, 2.57; 95% CI, 0.93–7.12), but the effect size
was comparable.
Journal of the American Heart Association
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was reviewed by other core laboratory members to reach an
agreement.
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Table 1. Baseline Characteristics of All Patients With STEMI in the United States and Spain by Sex
Overall

United States

Characteristics

Women (N=834)

Men (N=525)

Age range, y

20–55

25–55

Age, median (IQR), y

48 (44–52)

48 (44–51)

Race/ethnicity

P Value

0.57

Spain

Women (n=686)

Men (n=446)

Women (n=148)

Men (n=79)

23–55

26–55

20–55

25–55

48 (44–52)

48 (44–52)

47 (42–51)

47 (42–50)

0.002

White

81.6

85.5

79.2

84.1

92.6

93.6

Black

13.9

8.0

16.4

8.7

2.7

3.9

Other

4.5

6.5

4.4

7.2

4.7

2.5

Hispanic

5.6

7.8

0.10

5.4

8.3

6.2

5.1

Married

51.0

55.9

0.08

49.0

55.5

60.5

58.4

Less than high school

6.7

2.3

1.0

1.4

34.8

8.3

Some high school

41.0

43.7

41.8

42.2

37.0

52.8

More than high school

Education

0.001

52.3

54.0

57.2

56.4

28.2

38.9

Work full- or part-time

59.4

75.9

<0.001

60.0

75.1

56.6

80.5

Health insurance

81.1

78.5

0.24

77.5

75.1

98.0

98.7

Previous MI, PCI, or CABG

14.8

17.0

0.28

16.8

19.5

5.4

2.5

Angina

22.9

20.4

0.28

22.5

20.9

25.0

17.7

Congestive heart failure

1.8

0.8

0.11

2.2

0.9

0

0

Hypertension

58.2

58.9

0.80

61.8

61.7

41.2

43.0

Diabetes mellitus

29.1

15.1

<0.001

31.3

15.9

18.9

10.1

Hypercholesterolemia

61.3

68.0

0.01

63.3

69.1

52.0

62.0

Smoked within past 30 d

70.4

62.1

0.001

67.9

60.3

81.8

72.2

Medical history
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<0.010

Smoking history
Never smoked

21.2

24.2

24.2

27.3

7.4

6.3

Ever smoked

11.9

19.1

11.4

18.4

14.2

22.8

Current smoker

66.9

56.8

64.4

54.3

78.4

70.9

Obesity (BMI ≥30 kg/m )

48.3

41.9

0.02

54.2

44.8

20.4

25.3

Previous stroke/TIA

3.1

1.9

0.18

3.4

2.2

2.0

0

2

Renal dysfunction

8.7

7.9

0.61

9.5

8.6

4.7

3.9

Chronic lung disease

9.5

4.2

<0.001

10.8

4.9

3.4

0

Family history of CVD

74.2

71.2

0.03

75.7

74.7

67.6

51.9

Hemodynamic instability

13.8

11.8

0.29

12.1

11.4

21.6

13.9

Presented within 6 h of symptom onset

30.3

21.6

<0.001

32.0

22.5

22.3

16.5

Patient reported atypical symptoms

11.3

7.3

0.01

11.4

7.9

10.8

3.8

Ejection fraction <40%

13.8

14.2

0.84

14.0

14.8

12.8

10.4

Clinical characteristics at presentation

Data are given as percentages unless otherwise indicated. BMI indicates body mass index; CABG, coronary artery bypass graft; CVD, cardiovascular disease; IQR, interquartile range; MI,
myocardial infarction; PCI, percutaneous coronary intervention; STEMI, ST-segment–elevation myocardial infarction; and TIA, transient ischemic attack.

Discussion
Using this prospective cohort study, we describe key ﬁndings
related to sex differences in the presenting ECG and
DOI: 10.1161/JAHA.117.007021

timeliness of reperfusion in young patients with STEMI. First,
we found several sex-related differences in the initial ECG in
this population. For example, women had ST-segment elevation of lesser magnitude and in fewer leads compared with
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421.3 to 471.4

IQR

140 to 170

IQR

1.1

LBBB, %

RBBB, %

7.5
17.1

V5–6, I, and aVL (lateral)

II, III, and aVF (inferior)

50.7
46.2
58.3

V1–4 (anterior)

V5–6, I, and aVL (lateral)

II, III, and aVF (inferior)

ST-segment elevation, %

22.1

V1–4 (anterior)

Pathologic Q wave, %

1.0
0.7

Atrial fibrillation, %

1.4

11 to 19

IQR

LV hypertrophy, %

13

Median

Voltage (SV1+RV5), mm

152

Median

PR interval, ms

445.1

Median

QTc duration, ms

80 to 94

IQR

60.0

45.5

53.0

24.6

7.7

18.8

1.9

0.4

1.9

3.7

11 to 20

15

142 to 170

156

407.0 to 449.6

425.4

86 to 100

92

64 to 86.5

65 to 88

87

75

Men (N=525)

76

Women (N=834)

Overall (N=1359)

Median

QRS duration, ms

IQR

Median

Heart rate, per min

Electrocardiographic
Characteristics

0.53

0.82

0.42

0.001

0.93

0.15

0.21

0.43

0.14

0.008

0.51

0.13

0.0001

0.0001

0.31

P Value

59.5

45.3

50.2

16.5

7.8

20.9

0.9

0.6

1.2

1.4

11 to 19

15

140 to 170

152

427.9 to 475.7

450.5

80 to 96

88

66 to 89

77

Women (n=686)

United States Only (n=1132)

61.7

45.3

52.7

24.1

6.3

16.9

2.2

0.2

2.2

4.1

11 to 20

15

142 to 170

156

408.2 to 452.9

427.4

88 to 100

94

64 to 86

75

Men (n=446)

52.7

50.0

53.4

19.9

6.3

27.6

2.0

1.4

0

1.4

11 to 15

11

136 to 170

156

395.8 to 445.6

422.7

80 to 90

82

60 to 84

72

Women (n=148)

Spain Only (n=227)

50.6

46.8

54.4

27.3

15.6

29.9

0

1.3

0

1.4

7 to 21

16

140 to170

156

Continued

395.1 to 434.5

416.3

80 to 100

90

60 to 87

75

Men (n=79)
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0.5)

4 (2 to 5)

3 (2 to 5)

0.0 ( 0.8 to 0.0)

1.0 ( 2.0 to

0.0 ( 0.5 to 0.0)

1.0 ( 1.5 to

7.0
4.5

Lateral

Inferior

4.0

5.0

5.6

0.5)

0.69

0.13

0.01

0.007

0.71

0.75

0.15

0.22

0.008

0.0001

P Value

5.0

8.2

10.1

1.0 ( 1.5 to

0.0 ( 0.5 to 0.0)

21.6

59.0

45.8

3 (2 to 5)

1.6

28.3

70.1

Women (n=686)

0.5)

United States Only (n=1132)

4.7

5.6

6.1

1.0 ( 2.0 to

0.0 ( 1.0 to 0.0)

22.0

63.5

43.1

3 (2 to 5)

5.8

33.2

61.0

Men (n=446)

0.5)

2.1

1.4

5.5

1.0 ( 2.0 to

0.0 ( 0.8 to 0.0)

31.1

64.2

48.7

4 (2 to 5)

1.4

41.9

56.8

Women (n=148)

Spain Only (n=227)

IQR indicates interquartile range; LBBB, left bundle branch block; LV, left ventricular; QTc, corrected QT; RBBB, right bundle branch block; and STEMI, ST-segment–elevation myocardial infarction.

9.3

Anterior

T-wave inversion, %

No. of leads with
ST depression,
median (IQR)

Extent of maximum
ST-segment
depression, median (IQR)

24.0

23.3

II, III, and aVF (inferior)

63.8

60.0

V5–6, I, and aVL (lateral)

42.9

46.3

V1–4 (anterior)

ST-segment depression, %

No. of leads
with ST-segment
elevation, median (IQR)

6.1

1.6

≥6 mm

34.1

30.7

2–5 mm

59.8

Men (N=525)

67.8

Women (N=834)

Overall (N=1359)

≤2 mm

Extent of maximum
ST-segment
elevation, %

Electrocardiographic
Characteristics

0.5)

0

1.3

2.6

1.0 ( 2.0 to

0.0 ( 0.5 to 0.0)

35.4

65.8

41.8

4 (2 to 5)

7.6

39.2

53.2

Men (n=79)

0.5)
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Table 3. Baseline Electrocardiographic Characteristics of Young Patients With STEMI by Sex and Treatment Delay Status
Women (N=776)

Men (N=495)

Treatment
Delay (n=329)

No Treatment
Delay (n=447)

P Value

Treatment
Delay (n=156)

No Treatment
Delay (n=339)

P Value

Median

78

74

0.001

77

75

0.17

IQR

67–92

65–86

65–88

63–86

Median

88

86

92

94

IQR

80–94

80–94

86–100

86–100

Median

450.7

444.7

427.5

425.8

IQR

425.1–477.8

421.2–466.8

409.6–456.4

407.5–448.9

Median

152

154

153

156

IQR

136–168

140–174

142–170

142–170

Median

14

13

20

12

IQR

11–19

10–22

17–21

10–18

LV hypertrophy, %

1.7

1.0

0.40

6.2

2.9

0.08

Atrial fibrillation, %

1.2

0.9

0.66

2.6

1.8

0.56

LBBB, %

0.9

0.5

0.42

0.7

0

0.31

RBBB, %

1.8

0.7

0.14

2.6

1.8

0.55

V1–4 (anterior)

21.2

22.2

0.73

13.5

20.7

0.06

V5–6, I, and aVL (lateral)

9.0

6.8

0.27

5.8

8.0

0.38

II, III, and aVF (inferior)

18.5

16.3

0.43

22.4

25.4

0.47

55.0

47.9

0.05

45.5

56.2

0.03

Electrocardiographic Characteristics

Heart rate, per min

QRS interval, ms
0.25

0.78

QTc interval, ms
0.03

0.31

PR interval, ms
0.05

0.63

Voltage (SV1+RV5), mm
0.99

0.11
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Pathologic Q wave, %

ST-segment elevation, %
V1–4 (anterior)
V5–6, I, and aVL (lateral)

40.4

51.0

0.004

34.6

50.0

0.001

II, III, and aVF (inferior)

53.2

62.4

0.01

57.1

61.2

0.38

Extent of maximum ST-segment elevation, %

0.10

0.01

≤2 mm

73.0

65.8

69.9

55.8

2–6 mm

25.5

32.7

25.0

37.4

≥6 mm

1.5

1.5

5.1

6.8

V1–4 (anterior)

39.5

51.2

0.001

39.1

44.1

0.29

V5–6, I, and aVL (lateral)

54.7

63.3

0.02

60.3

64.4

0.37

II, III, and aVF (inferior)

24.0

22.6

0.64

18.0

24.7

0.09

V1–4 (anterior)

9.2

9.5

0.88

7.1

5.0

0.35

V5–6, I, and aVL (lateral)

7.6

7.0

0.75

8.4

3.5

0.02

II, III, and aVF(inferior)

6.1

3.4

0.07

5.2

3.8

0.50

ST-segment depression, %

T-wave inversion, %

IQR indicates interquartile range; LBBB, left bundle branch block; LV, left ventricular; QTc, correct QT; RBBB, right bundle branch block; and STEMI, ST-segment–elevation myocardial
infarction.
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Variable

OR

95% CI

Female sex*

1.57

1.14–2.15

Heart rate

1.01

1.00–1.02

QRS interval

1.01

0.99–1.02

PR interval

1.00

0.99–1.00

LV hypertrophy*

2.84

1.06–7.64

V1–4 (anterior)

0.67

0.44–1.02

V5–6, I, and aVL (lateral)

1.20

0.68–2.12

II, III, and aVF (inferior)

0.99

0.68–1.43

V1–4 (anterior)

1.42

0.97–2.08

V5–6, I, and aVL (lateral)

0.53

0.38–0.74

II, III, and aVF (inferior)

0.80

0.50–1.28

Pathologic Q wave

ST-segment elevation

Extent of maximum ST-segment elevation groups
≤2 mm

1.18

0.47–2.99

2–6 mm

0.95

0.38–2.39

≥6 mm

...

...

ST-segment depression groups

Downloaded from http://ahajournals.org by on January 25, 2019

V1–4 (anterior)

1.06

0.73–1.54

V5–6, I, and aVL (lateral)

0.78

0.53–1.16

II, III, and aVF (inferior)

0.88

0.55–1.40

T-wave inversion
V1–4 (anterior)

0.86

0.49–1.50

V5–6, I, and aVL (lateral)

1.03

0.56–1.91

II, III, and aVF (inferior)

1.34

0.68–2.65

1.74

1.31–2.32

No prehospital ECG*

Multivariable logistic regression model to assess the relationship between
electrocardiographic characteristics at presentation and treatment delay adjusted for
sex. This model was also adjusted for sociodemographic characteristics (age, race,
marital status, health insurance, and education level), prior cerebrovascular disease
(stroke or transient ischemic attack) or heart disease (acute myocardial infarction,
coronary artery bypass graft, or percutaneous coronary intervention), presence of
cardiovascular risk factors (diabetes mellitus, obesity, hypertension,
hypercholesterolemia, and smoking), presence of atypical symptoms, presentation
>6 hours of symptom onset, and heart failure at presentation. CI indicates conﬁdence
interval; LV, left ventricular; OR, odds ratio; and STEMI, ST-segment–elevation myocardial
infarction.
*P<0.05.

young men with STEMI, and LVH was found more frequently in
young men with STEMI compared with young women. Second,
female sex persisted as an independent predictor of coronary
reperfusion delay, despite adjusting for electrocardiographic
variables in addition to other sociodemographic and clinical
variables. Third, patients with positive voltage criteria for LVH
were more likely, and those with ST-segment elevation in the
DOI: 10.1161/JAHA.117.007021

lateral leads were less likely to experience reperfusion delay.
Finally, young patients without a prehospital ECG were much
more likely to exceed reperfusion time guidelines compared
with those who received an ECG before presentation.
This is one of the largest geographically diverse studies
describing sex differences in electrocardiographic characteristics among patients with STEMI. We found that the extent of
ST-segment elevations was signiﬁcantly lower in women
compared with men. This is consistent with a study that
demonstrated that female sex is an inverse and independent
predictor of marked ST-segment elevation in patients with
STEMI.12 Prior studies have also postulated that lower
magnitude of ST-segment elevation in women could account
for less frequent use of reperfusion therapies in these
patients.12,15 We found that men with ST-segment elevation
≤2 mm exceeded the recommended time guidelines for PCI in
bivariate analyses. A similar trend was noted among women,
although it did not reach statistical signiﬁcance. In our
multivariate analyses, however, the extent of ST-segment
elevation did not predict a delay in reperfusion.
One of our key ﬁndings is that sex differences in the
presenting ECG do not signiﬁcantly account for sex disparities
in timeliness of coronary reperfusion. We have previously
shown that female sex is an independent predictor of
treatment delay in this population.3 Women had 1.72 times
the odds (95% CI, 1.28–2.33) of exceeding reperfusion goals
after adjusting for sociodemographic and clinical variables
and transfer status in that study. In addition to these
variables, adjusting for electrocardiographic variables at
presentation in our current study appeared to only slightly
attenuate the association, with women having 1.57 times the
odds (95% CI, 1.15–2.15) of treatment delays in comparison
with men in the full model and 1.77 times the odds (95% CI,
1.26–2.48) in the sensitivity analyses including patients from
the United States only. This indicates the need to further
investigate and act on other possible reasons behind departure from clinical guidelines for timely reperfusion in this
vulnerable population. Some of these reasons include the
need to create systems to mitigate delayed identiﬁcation of
worsening symptoms in patients with history of angina and
delayed presentation to the hospital, both of which were
signiﬁcant predictors of reperfusion delay in our study.
We noted that young patients with STEMI had 1.74 times
the odds of experiencing treatment delay if they did not
receive a prehospital ECG compared with those who did.
These results are consistent with results of various studies
that have demonstrated that patients who receive a prehospital ECG receive reperfusion therapy faster than those with
no prehospital ECG.16,17 The American Heart Association
classiﬁes a prehospital ECG as a class 1 recommendation for
the diagnosis of patients with STEMI.18 In our study, 40% of
the patients with STEMI received an ECG before arrival to the
Journal of the American Heart Association
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Table 4. Multivariable Analyses for Effect of
Electrocardiographic Characteristics on Treatment Delay in
Young Patients With STEMI
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In conclusion, although there were signiﬁcant sex differences in the presenting ECG between young women and men
with STEMI, these differences only partially accounted for the
sex disparities in timeliness of coronary reperfusion, triggering
the need to focus our attention on other system- and patientlevel factors that may cause sex disparities in treatment
delay. Presence of voltage criteria for LVH and absence of
prehospital ECG were strongly correlated with reperfusion
delay, whereas presence of ST-segment elevations in lateral
leads was a signiﬁcant inverse predictor of reperfusion delay.

Sources of Funding
This work was supported by grants from the National Heart,
Lung, and Blood Institute, National Institutes of Health,
Department of Health and Human Services (R01 HL081153,
F30HL120498 to EMB, and U01 HL105270 to the Center for
Cardiovascular Outcomes Research at Yale University). Infarto
de miocardio en la Mujer Joven (the Spanish component of
VIRGO [Variation in Recovery: Role of Gender on Outcomes of
Young AMI Patients]) is supported in Spain by the Fondo de
Investigaciones Sanitarias del Instituto Carlos III, Ministry of
Science and Technology (PI 081614) and additional funds
from the Centro Nacional de Investigaciones Cardiovasculares. Gupta is supported by grant HL007854 from the
National Institutes of Health. Spatz is supported by grant
K12HS023000 from the Agency for Healthcare Research and
Quality Patient-Centered Outcomes Research Institute Mentored Career Development Program.

Disclosures
Krumholz is a recipient of research agreements from
Medtronic and from Johnson & Johnson (Janssen), through
Yale, to develop methods of clinical trial data sharing; is the
recipient of a grant from the Food and Drug Administration
and Medtronic, through Yale, to develop methods for postmarket surveillance of medical devices; works under contract
with the Centers for Medicare and Medicaid Services to
develop and maintain performance measures; chairs a cardiac
scientiﬁc advisory board for UnitedHealth; is a participant/
participant representative of the IBM Watson Health Life
Sciences Board; is a member of the Advisory Board for
Element Science and the Physician Advisory Board for Aetna;
and is the founder of Hugo, a personal health information
platform. Bueno receives research funding from the Instituto
de Salud Carlos III (PIE16/00021), Astra-Zeneca, BMS,
Janssen, and Novartis; has received consulting fees from
Abbott, Astra-Zeneca, Bayer, BMS-Pﬁzer, and Novartis; and
has received speaking fees or support for attending scientiﬁc
meetings from Astra-Zeneca, Bayer, BMS-Pﬁzer, Ferrer,
Journal of the American Heart Association

10

ORIGINAL RESEARCH

Downloaded from http://ahajournals.org by on January 25, 2019

hospital. Data from the National Registry of Myocardial
Infarction-4 for patients with STEMI had estimated the
frequency of use of prehospital ECG at 4.5% to 8% from
2000 to 2002.19 Our data reveal that the frequency of use of
prehospital ECG has increased substantially in recent years,
but there remains a need to maximize the use of this strategy
that has the potential to reduce time to reperfusion.
In our multivariable analyses, we noted that patients who
met electrocardiographic criteria for LVH had 2.84 times the
odds of exceeding reperfusion times compared with those
who did not. The effect size was comparable in our sensitivity
analyses including only US patients, although not statistically
signiﬁcant. Presence of voltage criteria for LVH poses a
challenge for accurate diagnosis of STEMI. In fact, in 1 study
that evaluated effects of electrocardiographic characteristics
on accuracy of interpretation for STEMI, the presence of
voltage criteria for LVH led to a 64% reduction in odds of an
accurate interpretation.20 This likely leads to delayed diagnosis and treatment. Some ways of increasing the speciﬁcity of
STEMI diagnosis in this setting include comparing the ECG in
question with a tracing obtained sometime before the shortterm event and recording serial ECGs in search of evolutionary changes. We also found that patients with ST-segment
elevation in the lateral leads were 43% less likely to exceed
reperfusion times. The reason for this is unclear and may need
to be investigated in further studies.
Our study has several limitations. First, patients may have
had several serial ECGs performed at presentation that may
have led to discordance in the ECG used for our analyses and
the one used for actual clinical decision making. For our
analyses, we used either the ﬁrst ECG or a subsequent ECG if
it had more prominent ST-segment changes. We collected our
data from chart extraction. We worked closely with each site
coordinator to maintain the completeness and quality of each
submission. Moreover, we used the universal deﬁnition for
STEMI per the 2000 American Heart Association/American
College of Cardiology guidelines that were current at the time
of designing the study.21 The deﬁnition for STEMI has evolved
during the past decade, with 2 different iterations.9,22 We
anticipate that these differences are minor and may not
impact the overall results of the article. In addition, reperfusion delay may have occurred as a result of other factors,
including system-level delays, physician bias, or other patientrelated factors. We did not perform qualitative interviews with
the emergency personnel or other staff and cannot identify
speciﬁc processes that may have contributed to the delay.
Last, we did not collect information about presence or
absence of strain pattern in patients with LVH, and this could
potentially have confounded the interpretation of ST-segment
and T-wave changes. However, only 3.7% of young women and
1.4% of young men had LVH by Sokolow-Lyon criterion, which
is most strongly associated with strain pattern.
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