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Abstract

Background—Various national campaigns launched in recent years focused on young women
with acute myocardial infarction (AMI). Contemporary longitudinal data about sex differences in
clinical characteristics, hospitalization rates, length of stay (LOS), and mortality have not been
examined.

© 2014 American College of Cardiology Foundation. Published by Elsevier Inc. All rights reserved.

Address for Correspondence: Dr. Harlan Krumholz, 1 Church Street, Suite 200, New Haven, Connecticut 06510; 203-764-5885, (f)
203-764-5653; harlan.krumholz@yale.edu.

Relationships with Industry: None.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Guptaet al. Page 2

Objective—To determine sex differences in clinical characteristics, hospitalization rates, LOS,
and in-hospital mortality by age groups and race among young patients with AMI using a large
national dataset of U.S. hospital discharges.

Methods—Using the National Inpatient Sample (NIS), we compared clinical characteristics,
AMI hospitalization rates, LOS, and in-hospital mortality for patients with AMI across ages 30-54
years, dividing them into 5-year subgroups from 2001-2010, using survey data analysis
techniques.

Results—We identified 230,684 hospitalizations with a principal discharge diagnosis of AMI in
30-54-year-old patients from NIS data, representing an estimated 1,129,949 hospitalizations in the
U.S. from 2001-2010. No statistically significant declines in AMI hospitalization rates were
observed in the age groups <55 years, or stratified by sex. Prevalence of comorbidities was higher
in women and increased among both sexes through the study period. Women had longer LOS and
higher in-hospital mortality than men across all age groups. However, observed inhospital
mortality declined significantly for women from 2001 to 2010 (3.3% to 2.3%, relative change
30.5%, p-for-trend<0.0001); but not for men (2.0% to 1.8%, relative change 8.6%, p-for-
trend=0.6).

Conclusions—AMI hospitalization rates for young people have not declined over the past
decade. Young women with AMI have more comorbidity, longer LOS, and higher in-hospital
mortality than young men.

Keywords
Acute myocardial hospitalization; trends; young women; sex differences

Introduction

Each year, more than 30,000 women younger than 55 years old are hospitalized with acute
myocardial infarction (AMI) in the United States alone (1). Growing public recognition of
the importance of heart disease in young women in the late 1990s and early 2000s led to
several national campaigns (2) and evidence-based guidelines with focus on young women.
However, contemporary data about trends in clinical characteristics, hospitalization and
mortality rates of young patients with AMI are lacking. Moreover, patients younger than 55
years with AMI have been historically examined collectively in prior studies, yielding little
insight into the relationship of age and race with sex differences in the epidemiology of this
disease within that group.

Accordingly, we studied sex differences in the patient characteristics, hospitalization rates,
and short-term outcomes among a national sample of 30-54—year-old patients with AMI
from 2001 through 2010. Specifically, we examined temporal trends with attention to
subgroups of age and race. We used data from the Nationwide Inpatient Sample (NIS), a
national all-payer administrative database, and U.S. Census data to obtain a national
perspective on recent trends. Then, we stratified secondary analyses by age-race-sex
subgroups in the 21 states that collected data on race during this time period.
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Methods

Data Sources and Coding

We obtained data from the Agency for Healthcare Research and Quality’s (AHRQ)
Healthcare Cost and Utilization Project (HCUP)-NIS files between 2001 and 2010. It is the
largest all-payer inpatient database publicly available in the U.S., comprising discharge data
from more than 1,000 hospitals across 44 states. The database was designed to approximate
a 20% stratified sample of U.S. community hospitals, representing more than 95% of the
U.S. population (including urban/rural hospitals across all geographic locations) (3).
Statistical sampling weights provided by the NIS allow extrapolation to calculate expected
hospitalization rates within the United States (4). The NIS includes all claims from each
selected hospital regardless of payer or insurance status, because it is derived from state-
mandated hospital discharge reports. We classified a hospital admission as AMI if the
principal discharge diagnosis code was ICD-9-CM 410.xx, excluding cases for which the
last digit was 2 (410.x2), which does not indicate an acute event.

Study Cohort and Patient Characteristics

From an initial sample of all discharges in the HCUP-NIS from 2001 through 2010
(n=79,171,880), we excluded the following hospitalizations: those with missing data on
patient age, sex, LOS, or in-hospital death (n=278,653); discharges in which patients were
<30 years or >54 years (n=58,687,675); discharges in which patients were admitted and
discharged alive the same day (n=474,676) as they may not reflect a diagnosis of AMI; and
discharges in which patients were admitted from another hospital (n=419,817) to avoid
duplication of records, leaving a cohort of 19,311,059 discharges. Secondary analyses
stratified by age-race-sex subgroups were conducted in a subset of patients hospitalized in
21 states that reported complete data on patient race during this time period, leaving a cohort
of 12,059,714 discharges. These states represent approximately 60% of the U.S. population
and include approximately 60% of Caucasians and 60% of Africans Americans of the
national population, which may not be representative of the entire country. However, an
AHRQ study comparing the HCUP-NIS database with the National Hospital Discharge
Survey (NHDS) database showed that there were no significant differences in the discharge
estimates for the white and black subgroups (5). Additionally, different states do not
compare uniformly for inclusion criteria for the ‘Other race’ subgroup. We did not include
the “other races’ in our analyses as they include a lot of missing values and are very
heterogeneous for comparison.

We examined subgroups of age by 5-year categories (30-34, 35-39, 40-44, 45-49, and 50—
54 years), sex (women and men) and race (whites and blacks). We identified clinical
comorbidities using ICD-9-CM secondary diagnosis codes and classified them according to
hierarchical condition categories, similar to those used by the U.S. Centers for Medicare &
Medicaid Services for calculating their 30-day AMI mortality measure (6).

Statistical Analyses

We employed survey analysis methods that used hospital-level discharge weights provided
by the NIS to estimate the number of AMI hospitalizations on a national level (7). We
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examined AMI hospitalization rates among subgroups of age, gender, and ethnicity for each
year between 2001 and 2010 and reported them as the rates per 100,000 persons. We
assessed the annual trend over time in AMI hospitalization rates using Poisson regression
that included a variable representing the time of the year.

We evaluated in-hospital mortality and LOS among AMI admissions for patients in
subgroups of age (30-34, 35-39, 40-44, 45-49, and 50-54 years), sex (women and men),
and race (whites and blacks). We also examined trends in these outcomes stratified by age,
sex, and race. We assessed annual changes in in-hospital mortality rate and mean LOS using
linear regression. All p-values were two-sided with a significance threshold of p<0.05.
Statistical analyses were performed using SAS 9.2 (SAS Institute, Cary, North Carolina).
Yale University’s Institutional Review Board approved the study protocol.

Our final study sample consisted of 230,684 hospitalizations with a principal discharge
diagnosis of AMI among 30-54 year old patients in the U.S. from 2001-2010 corresponding
to an estimated 1,129,949 AMI hospitalizations nationally during the same time period after
applying sampling weights.

For secondary analyses involving race comparisons, our study sample consisted of 134,150
hospitalizations with a principal discharge diagnosis of AMI from the 21 states that report
complete race data corresponding to an estimated 656,436 AMI hospitalizations from these
states from 2001 to 2010 after applying sampling weights.

Patient Characteristics

Women represented approximately one-quarter of young patients hospitalized with AMI
(women: 25.9%; men: 74.1%). Secondary analyses involving race revealed that more
women were black (19.7%) than men (10.5%). Several comorbidities were more prevalent
in women as compared with men across all age subgroups, including congestive heart
failure, hypertension, renal failure, chronic obstructive pulmonary disease, and diabetes
mellitus (Table 1). Dyslipidemia, however, was more prevalent in men than women (14.1%
vs 11.5%). In trend analyses for selected comorbidities, the prevalence of hypertension and
diabetes increased significantly for all the groups from 2001 to 2010 (Figure 1).

In secondary analyses, black women had the highest prevalence of selected comorbidities
including hypertension, heart failure, and diabetes, as compared with white women, black
men and white men. Although the prevalence of heart failure was highest among black
women, they did not show a significant change as opposed to other groups that showed an
increase through the study period (white women: 24.5%, black men: 18.0%, white men:
21.1%).

AMI Hospitalization Rates

Hospitalization rates for AMI were higher in men as compared with women across all age
subgroups (Table 2). The absolute number of discharges for AMI among women increased
from 28,681 (56 per 100,000) in 2001 to 31,777 (61 per 100,000) in 2010. In contrast, the
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absolute number of discharges for AMI among men decreased from 87,084 (174 per
100,000) to 86,734 (171 per 100,000). While absolute declines were noted for most
subgroups of men, women demonstrated either no change (30-34 years and 35-39 years) or
slight absolute increase (40-44 years and 45-49 years) in hospitalization rates.

In secondary analyses including age-sex-race comparisons, black women had much higher
hospitalization rates than white women consistently from 2001 to 2010, while
hospitalization rates were comparable for black and white men (Figure 2). Trend analyses
from 2001 to 2010 demonstrated a significant decline among black men in all age-subgroups
more than 35 years old (p<0.05 for all), without significant decline all age-subgroups of
white men. We observed no significant change among black women, however, with
statistically significant declines in AMI hospitalization rates demonstrated by a few
subgroups of white women (30-34 years, 40-44 years and 45-49 years; p<0.05 for all).

In-hospital mortality

Women had higher in-hospital mortality than men across all subgroups (Table 3a and 3b).
From 2001 to 2010, overall observed in-hospital mortality for women with AMI declined
significantly (3.3% to 2.3%, 30.6% decrease, p-for-trend<0.0001); however, the decrease for
men was not significant (2.0% to 1.8%, 8.5% decrease, p-for-trend=0.6). In age-sex
analyses, statistically significant declines were noted among women in all age subgroups
35-54 years of age. Women had longer LOS than men across all age-subgroups (Table 4a
and 4b).

Discussion

Utilizing a national all-payer database, we found several important sex and race differences
among younger patients with AMI. First, in contrast to what is occurring in older patients
(8), younger people are not experiencing reductions in AMI hospitalizations. In addition,
differences between hospitalization rates of blacks and whites are much more pronounced
among young women as compared with men (Central Illustration). We demonstrate that
young women with AMI have a higher prevalence of several comorbidities than men and
that prevalence of comorbidities has increased in both groups over the past decade.
Additionally, young women had higher in-hospital mortality and longer LOS as compared
with men.

Our most notable finding is that we did not find significant declines in hospitalization rates
among young women and men across all age subgroups from 2001 to 2010. This
observation is in contrast to the Medicare population studies in which we described a greater
than 20% decline in hospitalization rates for AMI during this time period (8). One potential
explanation for this difference could be lack of awareness and poorer control of risk factors
among the young population. The National Health and Nutrition Examination Survey
(NHANES) reports that while significant reductions were observed in the proportion of the
U.S. population having at least 1 of the 3 cardiovascular risk factors (uncontrolled blood
pressure, elevated low-density lipoprotein, and current smoking) in the elderly, no
significant declines were observed for women younger than 60 years of age and men
younger than 40 years from 1999 to 2010 (9). In general, coronary heart disease at younger
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ages is strongly influenced by genetic factors that are harder to modify resulting in a less
impressive decline in hospitalization rates as compared with the elderly (10). Moreover, it is
possible that young persons, who are more likely to survive a hospitalization for AMI, have
more admissions for a subsequent AMI. If the rate of these subsequent events is not
declining then it could be responsible for less prominent hospitalization rate declines in this
age group.

We did observe that subgroups of men aged 40-54 years showed a trend toward decreasing
AMI rates, but women showed either no change or an increasing trend for most age
subgroups. This finding is consistent with studies that reported an increasing trend for
hospitalization rates among young women less than 55 years, including a recent study from
British Columbia (1,11). In the general U.S. population, the 10-year risk for incident
cardiovascular disease has not decreased at the same rate in women as compared with men
and the Framingham coronary risk score has actually increased in women 35 to 54 years of
age (12,13). Also, women belonging to the peri-menopausal age group may have abnormal
lipid levels that might contribute to the increased risk for AMI in young women (14). In fact,
prevalence of dyslipidemia among women in our study was highest in those aged 50-54
years, which is consistent with population-based estimates from NHANES (15). It is also
possible that these findings suggest inadequacy of screening and risk factor control (like
hypertension and elevated cholesterol) efforts among women (16,17). Black women had
much higher rates than white women, while black and white men had comparable AMI
hospitalization rates. Black women also had the highest prevalence of several comorbidities
including hypertension, diabetes, and heart failure in our study. Our findings are consistent
with a separate study that demonstrated a markedly higher prevalence of multiple
cardiovascular risk factors in black women as compared with white women with AMI (18).
In another study, black women were less likely to have optimal blood pressure and
cholesterol control compared with white women (19).

We found that young women had higher in-hospital mortality as compared with men across
all age subgroups. This is consistent with studies reporting a higher likelihood of mortality
in young women with AMI as compared with men (11). Women have longer presentation
and treatment times after symptom onset as compared with men that may account for worse
in-hospital mortality among them (20). It is interesting to note that in-hospital mortality
declined significantly in almost all age subgroups of young women, but similar declines
were not observed among men. Meanwhile, while presentation time continues to be higher
in women, there has been significant reduction in the recent decade, which may account for
improving inhospital outcomes as well (21).

Our study has some limitations. First, we did not have detailed clinical data to assess
severity of AMI hospitalization or quality of care and treatments delivered. Second,
‘hospitalization rates’ do not include all AMIs as we were unable to account for pre-hospital
mortality. Moreover, patients in this dataset are not linked and as a result we are not able to
differentiate first AMI from subsequent AMI. In addition, we were not able to assess
whether pre-hospital or post-discharge mortality increased to offset declines in inpatient
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mortality observed among young women. Further, estimates of prevalence of dyslipidemia
are based on claims data and definitions are not standardized. Also, not all HCUP states
report ethnicity data and thus trends in race-analyses may not apply to all states. Finally, we
relied on administrative data to obtain information on comorbidities.

Conclusions

In

conclusion, AMI hospitalization rates have not declined for young women and men from

2001 to 2010. Moreover, trends in the frequencies of comorbidities have increased for both
women and men hospitalized with AMI in the past decade, suggesting a greater need for
intensive primary prevention efforts in the high-risk young population. Racial differences
for AMI hospitalizations in young patients were more pronounced for women as compared
with men, which require further study about underlying causes and remedies. Although in-
hospital mortality rates are declining for young women, they remain higher than men. The
reasons contributing to these trends warrant further investigation to identify the biological,
clinical, and social factors that contribute to these differences.
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Perspectives
COMPETENCY IN MEDICAL KNOWLEDGE1

Hospitalization rates for younger patients with acute myocardial infarction (AMI) have
not declined as they have for older people.

COMPETENCY IN MEDICAL KNOWLEDGE 2

Among younger patients hospitalized with AMI, women have more comorbidities, longer
stays and higher mortality rates than men.

COMPETENCY IN INTERPERSONAL AND COMMUNICATION SKILLS

Physicians and other health care professionals should seek opportunities to inform
patients, the public and policy-makers about cardiovascular disease risk factors and direct
resources toward younger segments of the population for primary prevention.

COMPETENCY IN PATIENT CARE

Because of their generally greater burden of comorbidities, young women may gain more
benefit from aggressive control of cardiovascular risk factors, including early
identification and treatment of hypertension, hyperlipidemia, obesity, smoking, diabetes,
and other modifiable risk factors.

TRANSLATIONAL OUTLOOK 1

Mechanisms underlying the higher risks associated with AMI in young women than men
warrant further investigation to identify the gender-specific biological, clinical and social
factors responsible.

TRANSLATIONAL OUTLOOK 2

Racial differences in hospitalizations for AMI in young patients were more pronounced
among women compared to men, warranting merit further investigation of potential
causes.
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Figure 1. Trends in Selected Comorbidities among Young Patients with AMI, 2001-2010
Trends in selected comorbidities including hypertension, diabetes, heart failure, renal

failure, and stroke are shown for black women, white women, black men and white men
respectively with AMI from 2001-2010. Black women had the highest prevalence of
hypertension, diabetes, and heart failure across all groups. The prevalence of hypertension
and diabetes increased significantly for all subgroups from 2001-2010.
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Figure 2. AMI Hospitalization Rates by Race and Sex among Young Patients with AMI, 2001-
2010

Trends in hospitalizations rates for persons aged 30-54 years with AMI are shown by race
and sex across 5-year subgroups of age. Of note, black women had much higher
hospitalization rates than white women consistently from 2001-2010, while hospitalization
rates were comparable for black and white men.
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Figure 3. Central Illustration: Acute MI Trends in Young Women and Men, 2001-2010
(A) Overall comparisons of comorbidities, hospitalization rates, and short term outcomes in

young women with AMI as compared to young men (B) Trends in young women and men
with AMI, 2001-2010
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