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ABSTRACT
This study aimed to assess gender differences in hospitalization incidence, 30-day mortality, and 30-day readmission rates for
acute myocardial infarction (AMI) in a Southwestern US medical center. Hospital billing records for AMI admissions were compiled
from January 2013 to June 2019, resulting in a sample size of 2394. Billing data included gender, age, principal procedure,
insurance status, principal diagnosis, and race/ethnicity. Multivariate logistic regression was used to estimate gender differences
in mortality after adjustment for the aforementioned factors. Men were hospitalized for AMI over twice as frequently, yet women
had higher AMI mortality than men (9.3% vs. 6.1%, P< 0.01). Female AMI patients were older on average and slightly less
likely to undergo percutaneous transluminal coronary angioplasty than men. Thirty-day readmission rates did not differ by gender.
In absolute terms, AMI hospitalizations and deaths are larger in number in men, but AMI hospitalizations more frequently end in
death in women.
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C
ardiovascular disease is the leading cause of death
in the United States, accounting for 23% of
deaths in 2019.1 Gender differences in cardiovas-
cular outcomes remain important, as women’s

mortality rates (9.6%) after acute myocardial infarction
(AMI) are higher than those in men (5.3%) within 30 days
of onset.2 Women hospitalized for AMI tend to be older
than men.3 Women also tend to have significantly higher in-
hospital mortality for ST segment elevation myocardial
infarction (STEMI) events than men.4–6 Female STEMI
patients are generally older at hospitalization and have higher
comorbidity rates.7 Gender differences in non–ST elevation
myocardial infarction (NSTEMI) events have produced

more mixed results, showing both women and men having
higher in-hospital mortality in different samples.8,9 We com-
pared AMI hospitalization incidence, 30-day mortality, and
30-day readmission by gender at a large regional med-
ical center.

METHODS
This study used billing data from all hospital admissions

for AMI at a large regional medical center in the
Southwestern United States. Six and a half years of data,
from January 2013 to June 2019, were analyzed to maximize
the study population size. The study was approved for
exempt review by the Texas Tech University Health Sciences
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Center institutional review board. Following approval, the
hospital provided deidentified patient data for all hospital
admissions for AMI during the approved time period.
Confidential patient information, such as patient identifica-
tion number, medical record number, date of birth, and zip
code, were not included in data provided to the
research team.

Outcome variables included 30-day mortality for patients
hospitalized for AMI and readmission rates, in alignment
with the Hospital Readmission Reduction Program require-
ments federally mandated by the Centers for Medicare and
Medicaid Services. The 30-day mortality and readmission
rates were dichotomized as living vs. deceased and readmitted
vs. not readmitted, respectively.

Independent variables included sociodemographics (age,
gender, race/ethnicity, and insurance status) and clinical

factors related to outcome (admission date, discharge date,
principal diagnosis, discharge status, standard payer, princi-
pal procedure, and length of stay). This study period
included a shift from ICD-9 to ICD-10 classification in
October 2015; as such, diagnosis and procedure codes were
matched. Principal diagnosis was classified as STEMI or
non-STEMI with codes matched across ICD-9 and ICD-
10.10,11 Principal procedures were grouped into four catego-
ries and matched across ICD-9 and ICD-10, including
none specified.

Bivariate tests compared mean differences using t tests,
median differences using Mann-Whitney-Wilcoxon tests,
and group proportions using chi-square tests. Multivariate
logistic regression was used to analyze the two binary out-
comes of 30-day mortality and 30-day readmission. Analysis
for the study was performed using Stata 16.1. Statistical sig-
nificance was set at a< 0.05.

RESULTS
The AMI hospitalization data from January 2013 to June

2019 yielded a sample of 2394 patients, with a 7.0%
(N¼ 168) 30-day mortality rate. Men (70.7%, N¼ 1693) out-
numbered women (29.3%, N¼ 701) over two to one in the
sample. Women hospitalized for AMI were about 3 years older

Table 1. Characteristics of acute myocardial infarction
hospitalizations by gender

Variable Men Women P value

Overall 1693 (70.7%) 701 (29.3%)

Age (hospitalized): mean (SD) 61.83 (12.57) 64.82 (13.63) <0.001

Age (deceased): mean (SD) 65.76 (13.02) 74.97 (11.60) <0.001

Length of stay: mean (SD) 5.34 (5.54) 5.77 (6.22) 0.098

Age at AMI hospitalization:
median

61 64 <0.001

Age at death among
AMI hospitalization: median

65 76 <0.001

30-day mortality 0.005

Living 1590 (93.9%) 636 (90.7%)

Deceased 103 (6.1%) 65 (9.3%)

30-day readmission 0.81

No 1527 (90.2%) 630 (89.9%)

Yes 166 (9.8%) 71 (10.1%)

Race/ethnicity 0.58

White 1356 (80.1%) 552 (78.7%)

African American 105 (6.2%) 40 (5.7%)

Hispanic 109 (6.4%) 47 (6.7%)

Other/unknown 123 (7.3%) 62 (8.8%)

Insurance <0.001

Private 372 (22.0%) 100 (14.3%)

Medicare 752 (44.4%) 403 (57.5%)

Medicaid 109 (6.4%) 66 (9.4%)

Self-pay 227 (13.4%) 81 (11.6%)

Other/unknown 233 (13.8%) 51 (7.3%)

AMI indicates acute myocardial infarction; SD, standard deviation.

Figure 1. Incidence of hospitalization for acute myocardial infarction, by gen-
der and age.

Figure 2. Mortality percentage among those hospitalized for acute myocar-
dial infarction, by gender and age.
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than men, on average; the average age of women at death was
over 9 years older than men (Table 1). Women hospitalized for
AMI died more frequently than men (9.3% vs. 6.1%,
P< 0.01). Thirty-day readmission rates did not differ by gender
and were not analyzed in multivariate analysis.

Figure 1 shows AMI hospitalization incidence by gender
and age during the time period. AMI hospitalizations were
higher for men at every age interval. AMI hospitalization fre-
quency in men was over twice that of women for all ages up
to age 70, after which the gender gap decreased substantially.
Figure 2 shows the percentage of individuals who died
among those hospitalized over the time frame. Despite the
substantially higher incidence of hospitalizations of men at
younger ages, mortality rates by gender were largely similar
until age 65, at which point mortality for AMI hospitaliza-
tions among women increased substantially.

STEMI represented about 39% of the total sample and
occurred in 66.1% of the patients who died (Table 2).
Women were significantly more likely to die from a STEMI

event than men (16.5% vs. 10.2%, P< 0.01). Fewer women
(45.2%) than men (49.2%) underwent percutaneous translu-
minal coronary angioplasty, and women were more likely to
have an “other procedure” (32.4%) or no procedure (6.9%)
compared to men (28.2% and 4.9%, respectively, v2 ¼ 9.3,
P¼ 0.026). Individuals in the “other procedure” category
comprised 58.9% of the population that died; procedures
included respiratory assistance or ventilation and percuta-
neous left ventricular assist device insertion.

After adjusting for insurance type, STEMI vs. NSTEMI,
procedure, and year, significant effects were found for

Table 2. Procedures by gender and mortality status for acute
myocardial infarction hospitalizations (respiratory

assistance excluded)

Variable Men Women P value

NSTEMI 1020 (60.3%) 446 (63.6%) 0.12

STEMI 673 (39.8%) 255 (36.4%)

Dilation of coronary artery/PTCA 833 (49.2%) 317 (45.2%) 0.03

Bypass 299 (17.7%) 109 (15.6%)

Other procedure 478 (28.2%) 227 (32.4%)

No procedure 83 (4.9%) 48 (6.9%)

Deceased Not deceased

NSTEMI 57 (33.9%) 1409 (63.3%) <0.001

STEMI 111 (66.1%) 817 (36.7%)

NSTEMI 0.097

Women 23 (40.4%) 423 (30.0%)

Men 34 (59.7%) 986 (70.0%)

STEMI 0.009

Women 42 (37.8%) 213 (26.1%)

Men 69 (62.2%) 604 (73.9%)

Procedure <0.001

Dilation of coronary
artery/PTCA

46 (27.4%) 1104 (49.6%)

Bypass 13 (7.8%) 395 (17.7%)

Other procedure 99 (58.9%) 606 (27.2%)

No procedure 10 (6.0%) 121 (5.4%)

NSTEMI indicates non–ST-elevation myocardial infarction; PTCA, percutaneous trans-
luminal coronary angioplasty; STEMI, ST elevation myocardial infarction.

Table 3. Adjusted logistic regression odds ratios predicting
mortality among acute myocardial infarction hospitalizations

Variable OR 95% CI P value

Men (women¼ ref) 8.11 1.08, 60.95 0.04

Age 1.05 1.03, 1.08 <0.001

STEMI (NSTEMI¼ ref) 5.49 3.80, 7.93 <0.001

Men� Age 0.97 0.94, 0.99 0.02

Procedure (PTCA¼ ref)

Bypass 1.16 0.61, 2.22 0.65

Other 5.15 3.46, 7.66 <0.001

No procedure 2.66 1.21, 5.86 0.02

Year 0.88 0.81, 0.96 0.004

Insurance (private¼ ref)

Medicare 1.74 0.94, 3.19 0.08

Medicaid 1.46 0.64, 3.34 0.37

Self-pay 0.82 0.37, 1.80 0.64

Other insurance 0.90 0.40, 2.01 0.79

N¼ 2394; R-squared ¼ 0.177. CI indicates confidence interval; NSTEMI, non–ST-
elevation myocardial infarction; OR, odds ratio; PTCA, percutaneous transluminal cor-
onary angioplasty; STEMI, ST elevation myocardial infarction.

Figure 3. Predicted probability of mortality by type of acute myocardial
infarction, gender, and age using adjusted logistic regression coefficients.
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gender, age, and the interaction term of gender and age, sug-
gesting that men’s and women’s mortality risk differs as age
increases (Table 3). Figure 3 shows predicted probabilities of
mortality using the logistic regression coefficients for the
interaction effect for gender and age. These results suggest
that women’s in-hospital STEMI mortality diverges from
male mortality beginning around age 65.

DISCUSSION
Our study reports higher overall AMI and STEMI mor-

tality in women after adjusting for age and other factors. Past
research has suggested that women have longer delays from
symptom onset to hospitalization and, as a result, tend to
have higher 30-day mortality rates for STEMI events than
men.12 However, the billing data used in our study did not
include clinical information, such as the time from symptom
onset to hospitalization or time from symptom onset to pro-
cedure. Hospital billing data can be used to track population
health outcomes like 30-day mortality and 30-day readmis-
sion rates, but these billing data likely miss nuanced differ-
ences in the populations of interest. Categorization of
STEMI and NSTEMI events in billing data may lack sensi-
tivity of an individual clinical diagnosis, and therefore, one
must exercise caution inferring group differences in quality
of care using just billing data.

Important disease characteristics include the rates of hos-
pitalization and mortality, with possible adjustments based
on age and gender. In this study, men comprised about 71%
of AMI cases during the 6.5-year span, with particularly large
differences between ages 50 and 70. However, mortality rates
were higher in women than men beginning around age 65.
Our analysis did not find definite gender differences in pro-
cedures. Therefore, few conclusions can be reached about
interventional strategies using the entire cohort during this
time period, given the constraints of using principal proce-
dure billed.

Older patients with chronic cardiovascular disorders fre-
quently have two or more other chronic medical conditions,
a condition called multimorbidity.12–19 This population also
exhibits geriatric syndromes, frailty, and significant func-
tional limitations.14,15 Consequently, management needs to
be comprehensive, and single cardiac interventions may not
improve outcomes. In addition, the analysis of the factors
influencing any particular outcome becomes much more
complicated, particularly when these multiple factors are not
entered into the database. The information collected in this
study does not provide an opportunity to analyze multimor-
bidity, geriatric syndromes, or patient preferences. The
increased mortality in women is likely explained by their
increased age and a more complex set of medical problems.17

The reduced number of procedures in women may reflect an
analysis of risk and benefit by physicians or may reflect
patient decisions regarding risk and benefits.

This study focused on a single hospital over 6.5 years. As
a county hospital, this health care organization may have a

patient demographic with a lower socioeconomic status than
other hospitals in the area. Although socioeconomic status is
widely understood to shape health disparities, we have no
reason to believe that gender differences in AMI or AMI out-
comes should be appreciably different in this hospital com-
pared to others. Future investigator-initiated cohort or case
control studies of gender disparities may benefit from multi-
hospital samples and greater contextual information about
the clinical course and comorbid conditions.

AMI hospitalizations among men in our study outnum-
bered women by over 2 to 1, yet the AMI mortality rate was
higher in women. Public health efforts should consider
potential differences in education about identification of
AMI symptoms based on gender. The relatively higher AMI
hospitalization rates in men suggest the need for overall
behavioral changes for major risk factors, such as smoking,
diet, and exercise. However, since heart disease in women
often develops at an older age than in men, and women’s
cardiovascular disease symptoms may be underrecognized,
more effort is needed to raise cardiovascular disease awareness
in women and to enroll more women in clinical trials.2,3

The higher mortality rate for women, particularly for
STEMI events, suggests that clinicians should manage
women with acute cardiac presentations as a high-risk popu-
lation. Finally, prospective clinical trials with older women
may identify better management strategies and outcomes.
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