
O R I G I N A L  R E S E A R C H

Delays to Hospital Presentation in Women and 
Men with ST-Segment Elevation Myocardial 
Infarction: A Multi-Center Analysis of Patients 
Hospitalized in New York City

David Weininger1 

Juan Pablo Cordova2 

Eelin Wilson3 

Dayana J Eslava4 

Carlos L Alviar5 

Aleksandr Korniyenko6 

Chirag Pankajkumar Bavishi7 

Mun K Hong8 

Amy Chorzempa9 

John Fox10 

Jacqueline E Tamis-Holland 4

1Westchester Medical Center, Valhalla, 
NY, USA; 2Southshore Cardiovascular 
Associates, Tampa, FL, USA; 3Montefiore 
Medical Center, New York, NY, USA; 
4Mount Sinai Morningside Hospital, 
New York, NY, USA; 5NYU Medical 
Center and Bellevue Hospital Center, 
New York, NY, USA; 6Univeristy of Texas 
Health, Tyler, TX, USA; 7University of 
Missouri Health Care, Columbia, MO, 
USA; 8Bassett Healthcare Network, 
Cooperstown, NY, USA; 9Massachusetts 
General Hospital, Boston, MA, USA; 
10Mount Sinai Beth Israel Hospital, 
New York, NY, USA 

Purpose: Previous studies have shown longer delays from symptom onset to hospital 
presentation (S2P time) in women than men with acute myocardial infarction. The aim of 
this study is to understand the reasons for delays in seeking care among women and men 
presenting with an ST-Segment Elevation Myocardial Infarction (STEMI) through a detailed 
assessment of the thoughts, perceptions and patterns of behavior.
Patients/Methods and Results: A total of 218 patients with STEMI treated with primary 
angioplasty at four New York City Hospitals were interviewed (24% female; Women: 68.7 ± 
13.1 years and men: 60.7 ± 13.8 years) between January 2009 and August 2012. 
A significantly larger percentage of women than men had no chest pain (62% vs 36%, 
p<0.01). Compared to men, a smaller proportion of women thought they were having 
a myocardial infarction (15% vs 34%, p=0.01). A larger proportion of women than men 
had S2P time >90 minutes (72% of women vs 54% of men, p= 0.03). Women were more 
likely than men to hesitate before seeking help, and more women than men hesitated because 
they did not think they were having an AMI (91% vs 83%, p=0.04). Multivariate regression 
analysis showed that female sex (Odds Ratio: 2.46, 95% CI 1.10–5.60 P=0.03), subjective 
opinion it was not an AMI (Odds Ratio 2.44, 95% CI 1.20–5.0, P=0.01) and level of 
education less than high school (Odds ratio 7.21 95% CI 1.59–32.75 P=0.01) were indepen-
dent predictors for S2P >90 minutes.
Conclusion: Women with STEMI have longer pre-hospital delays than men, which are 
associated with a higher prevalence of atypical symptoms and a lack of belief in women that 
they are having an AMI. Greater focus should be made on educating women (and men) regarding 
the symptoms of STEMI, and the importance of a timely response to these symptoms.
Keywords: women, awareness, acute myocardial infarction, symptoms

Introduction
Reducing total ischemic time in patients presenting with an acute ST segment 
elevation myocardial infarction (STEMI) remains an important focus of healthcare 
systems worldwide. Total ischemic time is the sum of symptom onset to presenta-
tion times (S2P time) and first medical contact to device time. The American 
College of Cardiology/American Heart Association (ACCF/AHA) guidelines 
recommend a first medical contact to device time of less than 90 minutes1 in an 
effort to reduce total ischemic time. As a result of nationwide efforts to create 
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systems of care to better manage patients with STEMI, 
there have been improvements in this metric over time.2–4 

Unfortunately, despite improvements in treatment times, 
patient delays remain an important obstacle to timely 
reperfusion, with little improvement in S2P times over 
the years.5–8 This is important because longer S2P times 
have been associated with lower use of reperfusion thera-
pies and higher mortality.7,9–14 Studies have found that 
various factors are associated with a longer S2P time, 
including among other things age, sex, race/ethnicity, 
level of education, insurance status and absence of use of 
emergency medical services (EMS).5–9,12,15–25 Multiple 
studies have shown that female sex is an independent 
predictor of pre-hospital delay.5,6,8,9,12,16,17,26,27 However, 
fewer studies have explored the reasons for this delay, and 
it is not known whether this delay among women relates to 
an atypical presentation without chest pain, which is also 
more common in women,22,28–30 a lack of awareness of 
symptoms, or whether there are other socio-demographic 
variables at play. This helpful meta-synthesis31 analyzed 
qualitative data from multiple and varied studies and was 
able to build new theories of why there is a delay in 
women as compared to men. However, most of the studies 
exploring the reason for delay to presentation have been 
performed before the introduction of the Red Dress cam-
paign or MISSION: Lifeline and, unlike these earlier stu-
dies, we specifically chose to focus our analysis on 
a population of patients with STEMI undergoing primary 
percutaneous coronary intervention (PCI), which are the 
exact group of patients in whom timely presentation is 
critical.

We sought to understand the reasons for delay in 
women and men with acute myocardial infarction (AMI) 
through a detailed assessment of the thoughts, perceptions 
and patterns of behavior among patients presenting with an 
acute STEMI referred for primary PCI.

Methods
Study Design
We examined consecutive patients referred for primary 
angioplasty for the treatment of an acute STEMI at four 
New York City Hospitals (St Luke’s Hospital, Roosevelt 
Hospital, Beth Israel Medical Center, and Long Island 
College Hospital) between January 2009 and 
August 2012. We used a prospective database of patients 
with STEMI undergoing primary PCI to identify patients 
eligible for recruitment. As part of routine care, patients at 

all institutions were routinely contacted after discharge. At 
the time of these follow-up calls, patients were approached 
to participate in the current study. If they were agreeable to 
participate in the additional telephone interview, telephone 
consent was obtained. All patients referred for primary 
angioplasty who were available for follow-up telephone 
interviews were included in the study. Patients unable or 
unwilling to consent to telephone interviews were 
excluded from the study. In addition, patients were also 
excluded from the study if there was insufficient informa-
tion regarding the timing of symptom onset, and the time 
to treatment, or if the AMI developed while in the hospital 
or if the patient did not undergo primary PCI. The protocol 
(including the approval of obtaining verbal consent to 
participate in the telephone interviews) and the scripted 
telephone interviews were approved by the Institutional 
Review Board at all participating hospitals.

Routine phone calls were conducted as a follow-up 
post AMI assessment performed at each hospital. For the 
purposes of the current study, in order to collect the answer 
to the additional questions, the calls conducted during the 
set time period were performed by resident physicians. At 
the time of these telephone calls, patients were asked 
whether they would be willing to answer additional ques-
tions as part of an institutional review board approved 
study. We allowed for open ended responses so that 
patients might express their thoughts at the moment and 
not limit their reasoning to a set of limited options. 
Blinded responses were reviewed and aggregated into 
groups by the team of doctors conducting the interviews. 
These blinded responses were then reviewed and approved 
by the lead investigator.

Data Collection and Telephone Surveys
Baseline clinical and demographic data, as well as S2P 
times were obtained from a prospective registry of cardiac 
catheterization lab patients. S2P time was prospectively 
collected at the time of initial evaluation and based on the 
patient’s account of the onset of symptoms reported to the 
medical staff on the day of the incident infarction. 
Following discharge from the hospital, telephone inter-
views were conducted to assess patterns of behavior dur-
ing the incident infarction. Patients were required to 
provide telephone consent for said interviews. Telephone 
interviews were conducted in the patient’s native language 
(Spanish, Russian, Chinese, and Polish) by researchers 
fluent in these languages. The protocol encouraged that 
when possible telephone interviews be conducted within 
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one month of discharge. The survey consisted of 19 open 
ended questions. Questions included inquiries regarding 
socio-demographic related matters, description of symp-
toms, interpretation of said symptoms at the time of the 
event, and actions following the onset of symptoms 
(Supplemental Figure 1).

Statistical Analysis
Baseline clinical variables and behavioral characteristics 
were compared by sex. Student’s two tailed T tests were 
used to compare continuous variables and chi square tests 
were used to test associations between categorical vari-
ables. Subsequently we looked at demographic, clinical 
and behavioral variables to determine which variables 
predicted a delay to hospital presentation. We defined 
a delayed presentation as an S2P time that was over 90 
minutes. Univariate and multivariate logistic regression 
analyses were then performed to determine which vari-
ables were independently associated with a delayed hospi-
tal presentation. We used fixed effect logistic regression 
model to analyze the predictors of delayed S2P time. We 
included the clinically relevant variables associated with 
a prolonged S2P time and the variables that were signifi-
cantly different by sex into the multivariate analysis: 
These included age, sex, presence of diabetes, race, level 
of education, insurance status, employment status, atypical 
symptoms and subjective opinion the event was not an 
AMI. Analyses were performed using SPSS 19.0 software.

Results
Among 218 patients examined, 53 (24%) were female. 
Table 1 depicts the baseline demographic and clinical vari-
ables for women and men. Women were older than men and 
significantly more likely to have a history of hypertension 
and diabetes. A larger proportion of women than men were 
black. Women were less likely than men to be active smokers 
and fewer women than men achieved a higher level of 
education (college degree and above). A similar proportion 
of men and women had a myocardial infarction in the past 
(12% of women and 13% of men) but a higher proportion of 
women had a prior CVA (10% of women and 5% of men) 
without being statistically significant (p=0.8). Prior revascu-
larization was also more common in men (17%) than in 
women (9%) but was also not statistically significant (p<0.2).

Symptoms at the time of the infarction and behavioral 
characteristics during the incident event for women and 
men are depicted in Table 2. A significantly larger propor-
tion of women than men had atypical symptoms (absence 

of chest pain). As compared with men, women were less 
likely to realize they were having an AMI (15% vs 34%, 
p=<0.01) and more likely to admit that they hesitated 
before seeking help (81% vs 61% P<0.01). Women were 
more likely than men to call a family or friend (51% vs 
36% p<0.05). Among patients with atypical symptoms, 
only 12 (13%) thought they were having an AMI. This 
finding was numerically lower in women than men (6% vs 
17%, p=0.14). Time of presentation was not significant as 
nighttime AMI (between 6:00pm and 6:00am) accounted 
for 22% of the AMI in women and 30% of the AMI in 
men (p=0.29).

Table 1 Baseline Clinical and Demographic Variables

Variable Women 
(n=53)

Men 
(n=165)

p-value

Mean age (± standard 

deviation)

68.7 (13.1) 60.7 (13.8) <0.01

Hypertension 68% 63% <0.01

Diabetes Mellitus 26% 13% 0.04

Prior Myocardial Infarction 12% 13% 0.8

Prior Revascularization 9% 17% <0.2

Prior Cerebrovascular 

Accident

10% 5% 0.8

Current Smoker 15% 23% 0.43

Nighttime presentation 22% 30% 0.29

Hispanic Ethnicity 32% 25% 0.49

Race 0.01

White 55% 67%

Black 42% 22%
Other 3% 11%

Education <0.01
College diploma and 

above n (%)

15% 49%

High School diploma 
n (%)

79% 45%

No High School Diploma 

n (%)

6% 6%

Uninsured n (%) 25% 11% 0.91

Employment Status 0.04

Employed n (%) 23% 46%

Unemployed n (%) 31% 23%
Retired n (%) 46% 31%

Disabled n (%) 0% 0%
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The mean S2P time was 241.48 minutes (range 0 to 
4320 minutes), the median was 109 min and the mode 62 
min. There were no significant differences in the mean 
S2P time by sex, [267.38 minutes vs 233.11 minutes, 
p=0.3], however a larger proportion of women than men 
had S2P time >90 minutes (72% vs 54%, p-value = 0.03). 
Among patients with atypical symptoms, a larger percen-
tage of women than men presented more than 90 minutes 
after symptom onset (45% vs 19%, p-value<0.01). The 
mean D2B time was similar in women and men as was 
the proportion of women and men with a D2B over 90 
minutes. The mean total ischemic time was similar in 
women and men 375.8 ± 338.6 minutes vs 326.0 ± 462.1 
minutes p=0.22).

Table 3 shows the univariate and multivariate analysis 
for predictors of an S2P time > 90 minutes. Among 9 
variables examined, female sex (Odds Ratio: 2.46, 95% 
CI 1.10–5.60 P=0.03), subjective opinion that the event 
was not an AMI (Odds Ratio 2.44, 95% CI 1.20–5.0, 
P=0.01) and level of education less than high school 

(Odds ratio 7.21 95% CI 1.59–32.75 P=0.01) were inde-
pendent predictors for S2P time > 90 minutes.

Discussion
It is widely known that women have longer S2P times 
compared to men.5,6,8,9,12,16,17,23,24,26,27 Some hypotheses 
to explain this finding have been proposed. Studies have 
shown that women experience more atypical symptoms 
than men22,28–30,32 while older studies have reported that 
women are more likely than men to consult with their 
doctors or call family or friends before going to the 
hospital.33 A meta-synthesis by Lefler at al31 was able to 
analyze multiple descriptive studies that might explain 
these differences but none of these studies provided the 
same focus as the current study: We focused on STEMI, 
symptoms, socieconomic variables and detailed analysis 
of thoughts prior to arrival. Many of the studies which 
have explored the reasons for delay to presentation in 
women and men with AMI have been performed at 
a time prior to the introduction of the Red Dress 
Campaign, and prior to the institution of Mission: 
Lifeline, both of which have placed a greater emphasis 
on timely presentation and reperfusion for patients with 
STEMI. Our study provides a detailed analysis of the 
thought processes and patterns of behavior of patients 
with AMI and to our knowledge is the largest study to 
specifically look at patterns of behavior in patients of all 
ages with STEMI undergoing primary PCI, thus enabling 
us to determine which psycho-social factors contributed to 
a delayed presentation. We demonstrated that women were 
more likely than men to have atypical symptoms, and 
women were less likely than men to recognize that their 
symptoms were due to an AMI. Furthermore, prior to 
coming to the hospital, women were more likely to call 
a family or friend, and there was a non-significantly lower 
proportion of women who called 911 first, (before calling 
others). Despite this, female sex was still an independent 
predictor for a prolonged S2P time, indicating that other 
factors are contributing to prolonged delays. When sex 
was controlled in the multivariate analysis, the odds ratio 
for a prolonged S2P time for the variables “subjective 
opinion that the event was not an AMI” and “level of 
education (less than high school)” was increased com-
pared to the univariate analysis. This increase in the mag-
nitude of the effect of these variables after adjusting for 
sex, suggests that these variables may be responsible in 
part for some of the difference initially noted in women 
and men.

Table 2 Thoughts and Actions Prior to Hospital Arrival

Variable Women 
(n=53)

Men 
(n=165)

p-value

Atypical Symptoms 62% 36% <0.01
Shortness of Breath 49% 22%
Gastro-Intestinal 

Symptoms

18% 27%

Other (Non Chest Pain) 
Symptoms

33% 51%

Subjective opinion event 
was an AMI

15% 34% <0.01

Called Doctor 6% 10% 0.19

Called family/friend 51% 36% <0.05

Called 911 83% 83% 0.99

Called 911 First 38% 50% 0.40

Hesitated before going to 

hospital

81% 61% <0.01

Reason for Hesitation: 0.04

Did not know it was an 
AMI

91% 83%

Other (including lack of 

insurance)

2% 8%

No family member 

available

7% 9%

Abbreviation: AMI, Acute Myocardial Infarction.
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An analysis of the Variation in Recovery: Role of 
Gender on Outcomes of Young AMI Patients (VIRGO)34 

study examined 2985 women and men ≤ 55 years of age 
presenting with an AMI in the USA, and also assessed 
through detailed interviews a patient’s perception of symp-
toms. This is the largest registry of young women and men 
with AMI to contain detailed information about demo-
graphic and psycho-social factors. In this study, the 
authors demonstrated that as compared to men, a larger 
proportion of women had atypical symptoms. While there 
was no significant difference in the proportion of women 
and men that perceived their symptoms as “heart related”, 
women were less likely than men to eventually seek med-
ical care due to concerns about a “heart problem”. As in 
our study, a larger proportion of women than men in 
VIRGO had a delay from symptom onset to hospital pre-
sentation. It is noteworthy that there are important differ-
ences in the clinical characteristics of the study 
participants between the VIRGO study and the current 
report. (female vs male enrollment: 2:1 vs 1:3; mean age, 
women/men: 47.2 years/47.1 years vs 68.7 years/60.7 
years; % Hispanic, women/men: 7.6%/8.4% vs 32%/ 
25%; % of patients with STEMI, women/men: 45.9%/ 
57.7% vs 100%/100%). Despite this, it is interesting to 
note that both studies reported very similar findings. 

Therefore, our study, further contributes to the literature 
by demonstrating that even among a more diverse popula-
tion of patients with STEMI, women are more likely than 
men to have atypical symptoms and do not recognize that 
their symptoms are a result of an AMI.

We noted that a large number of women delayed in 
seeking medical care because they did not think the event 
was an AMI. This has been shown in earlier reports.34–36 

Symptom recognition is related to the quality and intensity 
of symptom onset, with gradual and vague symptoms, 
being interpreted as “not the heart”.35,36,37 This is impor-
tant, because, “belief that one is having a heart attack” is 
associated with shorter delays to hospital presentation.22,38 

This “belief that one is having a heart attack” is likely 
influenced by recognition of one’s symptoms, as well as 
recognition of one’s potential for developing a heart 
attack.36,39 Over the past 20 years, there have been con-
siderable efforts aimed at raising awareness of heart dis-
ease in women through educational campaigns including 
the Red Dress Campaign and the NHLBI Heart Truth. 
Although awareness of heart disease and related risk fac-
tors have improved as a result of these efforts, only 
a minority of women recognize the atypical symptoms 
that can be seen in a myocardial infarction;40 In a survey 
distributed to 2342 women across the United States,40 only 

Table 3 Univariate and Multivariate Predictors of S2P Time > 90 Minutes

Variables Univariate Analysis Multivariate Analysis

Odds Ratio (95% CI) p value Odds Ratio (95% CI) p value

Age –years 1.01 (0.99 −1.03) 0.23 1.01 (0.98 −1.03) 0.60

Female Sex 2.31 (1.16–4.59) 0.02 2.46 (1.10 −5.60) 0.03

White Race (vs Black or other races) 0.91 (0.51–1.62) 0.76 1.27 (0.66–2.47) 0.47

Diabetes mellitus 0.72 (0.34 −1.52) 0.39 0.55 (0.23 −1.29) 0.17

Education

College and above (ref)

At least high school diploma 4.43 (1.14–17.29) 0.03 3.58 (0.83–15.42) 0.09
Less than high school 4.97 (1.25–19.71) 0.02 7.21 (1.59–32.75) 0.01

Insured 0.69 (0.28–1.70) 0.42 0.48 (1.18–1.30) 0.15

Employment

Employed (ref)
Unemployed 1.54 (0.75–3.17) 0.24 1.57 (0.68–3.63) 0.30

Retired/disabled 1.26 (0.67–2.38) 0.47 1.30 (0.54–3.15) 0.56

Atypical symptoms 0.93 (0.53–1.62) 0.79 0.68 (0.35–1.34) 0.27

Subjective opinion event was not an AMI 1.82 (1.00–3.33) 0.05 2.44 (1.20–5.00) 0.01

Abbreviation: AMI, Acute Myocardial Infarction.
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18% and 38% of responders correctly reported nausea, or 
shortness of breath as a symptom of a heart attack respec-
tively. This lack of awareness despite outreach efforts is 
further evidenced by the lack of improvement in time to 
presentation in women over the years.6 Furthermore, in the 
VIRGO study,39 nearly all patients (98%) had at least one 
cardiac risk factor, and approximately 2/3 of patients had 3 
or more risk factors. Despite this, only half of the patients 
with AMI had considered themselves “at risk” for heart 
disease before their incident event, and less than half of 
patients were informed by their health care provider that 
they were at risk, and/or were advised counseling regard-
ing risk reduction.

Once symptoms are recognized as serious, taking 
action to get help for these symptoms is also an important 
step to achieving timely care.41,42 When symptoms occur 
patients are encouraged to call 911, as the use of 911 
services improves outcomes. Women have been shown to 
take longer to act upon symptoms and are more likely than 
men to delay in calling for help due to a concern about 
“troubling others”.38 On the contrary, studies have shown 
that women with AMI are more likely than men to call 
911.43,44 Despite this the contact to device times is sig-
nificantly longer for women than men.14,45 In our study, 
although it appeared that an equal proportion of women 
and men were transported to the hospital using emergency 
medical services, we were unable to obtain the time of first 
medical contact and thus we were unable to determine 
whether the emergency medical services field times also 
contributed to the longer delays noted in women.

While the most commonly discussed reasons for delay 
relates to recognition of symptoms, and the decision to call 
911, there may be other factors affecting delay. Insurance and 
financial concerns have also been shown to influence pre- 
hospital delays.15,46 Although we demonstrated a similar 
proportion of women and men who had insurance, it is 
possible that the type of health insurance held by the patients 
in our study, (and thus the remaining deductible or residual 
cost of the hospital care), differed between women and men, 
thus influencing the decision to seek medical care.

We demonstrated that a lower proportion of women as 
compared to men had achieved a higher level of education. 
Furthermore, our multivariate analysis showed that level 
of education (high school diploma or greater vs none) was 
a significant independent predictor of S2P time > 90 min-
utes. The VIRGO trial34 also demonstrated an association 
with level of education and delays from symptom onset to 
hospital presentation. It is possible that a larger proportion 

of the population not achieving a high school diploma are 
illiterate, and/or unfamiliar with the use of current tech-
nology, and thus do not avail themselves to the newest 
educational campaigns on heart disease. It is for this 
reason that community outreach in the form of direct in- 
person education, and, the use of diverse types of adver-
tising including radio and television advertisements as 
well as web-based and social media platforms should be 
considered to reach a larger proportion of the population.

Limitations
Our study has a few limitations. 1) We include only 
those patients with STEMI who received primary PCI 
and who were available for and consented to the addi-
tional questions. Late presenters and medically treated 
patients were not included in this analysis. Since women 
are more likely to present outside of the time window 
for reperfusion therapy, (and thus receive conservative 
treatment), one would expect that the inclusion of the 
medically treated patients in the study would only have 
strengthened our findings. Additionally, it is possible 
that the inclusion of only those patients who were able 
to and willing to participate in the study may have 
resulted in selection bias and influenced the results of 
the study. 2) Although the time of symptom onset was 
prospectively obtained and recorded in the chart at the 
time of the initial hospital encounter, the time of symp-
tom onset was subjective, and based on the patient’s 
report at the time of admission. It is possible that there 
were differences in the recollection and reporting of 
symptoms that could not be accounted for in our 
study. 3) Although baseline clinical variables and symp-
tom onset time were prospectively recorded, the inter-
view took place at a time remote from the 
hospitalization for the STEMI. Therefore, the reporting 
of a patient’s thoughts and responses at the time of the 
infarct was based on the patients recollection of the 
events, and may have differed in retrospect from their 
actual thoughts and actions. 4) We did not have data on 
long term follow up for these patients, and hence it is 
unclear if the longer delays affected patient’s clinical 
outcome.

Conclusions
Compared to men, women with AMI have longer pre- 
hospital delays. The longer delays are associated with 
a higher prevalence of atypical symptoms, and a lack of 
belief in women that they are having an AMI. Additionally, 
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longer pre-hospital delays were seen in patients with a lower 
level of education and patients who did not think they were 
having an AMI. The results of this analysis suggest 
a continued need to educate our communities. 
Consideration should be given to expand educational efforts 
to radio and TV ads, or direct “in-person” educational out-
reach programs as well as web-based and social media plat-
forms. This diverse approach to raise awareness will likely 
influence a larger population of patients at risk. Educational 
campaigns should emphasize the importance of recognizing 
both typical and atypical symptoms of AMI in women and 
men, and highlight the importance of acting quickly and 
calling 911 once symptoms develop.
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