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Abstract

Objective: To evaluate the trends in incident premature myocardial infarction (MI) and prevalence of
cardiac risk factors in a population-based cohort.
Methods: We studied a population-based cohort of incident premature MIs among residents (MI in men
aged 18-55 years and women aged 18-65 years) in Olmsted County, Minnesota, during a 26-year period
from January 1, 1987 through December 31, 2012. Recurrent MI and death after incident premature MI
were enumerated through September 30, 2018.
Results: Of 3276 MI cases, 850 were premature events (37.9% [322/850] women). Age-adjusted pre-
mature MI incidence rates (2012 vs 1987) declined by 39% in men (rate ratio, 0.61; 95% CI, 0.46 to
0.81]) and 61% in women (rate ratio, 0.39; 95% CI, 0.27 to 0.57). Among men with premature MI, the
prevalence of hypertension, diabetes, and hyperlipidemia increased over time, whereas in women, only the
prevalence of hyperlipidemia increased. During a mean follow-up of 13.3 years, there was no temporal
decline in recurrent MI in men and women. Women showed 66% decreased risk for mortality (hazard
ratio, 0.34; 95% CI, 0.17 to 0.68) over time, whereas men showed no change.
Conclusion: The incidence of premature MI declined over a 26-year period for both men and women.
The risk factor profile of persons presenting with MI worsened over time, especially in men. Death
following incident MI declined only in women. These results underscore the importance of primary
prevention in young adults and of sex-specific approaches.
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D uring the last 4 decades, overall
myocardial infarction (MI) mortality
rates in the United States have

declined without apparent benefit in adults
aged 25 to 64 years, in whom mortality rates
have leveled off.1-4 Several factors may
contribute to the suboptimal trends in these
adults, including changes in incidence of MI
and prevalence of its risk factors, acute man-
agement, and use of preventive therapies.2,4-6

Despite this, there is sparse information on
trends in incident premature MI and associ-
ated cardiac risk factors.

In a US nationwide sample of adults aged
30 to 54 years with first/recurrent MI from
2001 to 2010, there was no change in MI-
related hospitalization rates for men and
women.7 The Atherosclerosis Risk in Commu-
nities (ARIC) surveillance study, which
included first/recurrent MI from 4 US
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communities from 1995 to 2014, showed
that women aged 35 to 54 years had an in-
crease in MI-related hospitalization, but simi-
larly aged men showed a decline.1 During
the same period, the prevalence of hyperten-
sion and diabetes increased in men and
women, but the prevalence of smoking
decreased.1 In addition to traditional cardio-
vascular risk factors, other studies have exam-
ined the role of recreational drugs (cocaine
and marijuana) and hemostatic dysfunction
in young adults with MI.8-10

Although these studies are informative,
they were based on convenience samples,
included adults with first-ever but also recur-
rent MI, or had limited follow-up for cardio-
vascular events and/or death following the
initial MI. Therefore, there is a paucity of in-
formation on temporal trends for incident
(first-ever) MI, the prevalence of risk factors,
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vier Inc on behalf of Mayo Foundation for Medical Education and Research. This is an open
.org/licenses/by-nc-nd/4.0/).

413

http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.mayocpiqo.2021.01.011
http://www.mcpiqojournal.org
http://creativecommons.org/licenses/by-nc-nd/4.0/


MAYO CLINIC PROCEEDINGS: INNOVATIONS, QUALITY & OUTCOMES

414
and recurrent events following premature MI.
To address these knowledge gaps, we con-
ducted a community-based study of incident
premature MI over a 26-year period. We
examined temporal trends in incidence, pa-
tient characteristics, and outcomes (recurrent
MI and death).

METHODS

Study Design and Setting
This study was conducted in Olmsted County,
Minnesota. Because Olmsted County is rela-
tively isolated from other urban centers and
medical care is practically self-contained
within the community, it provides a highly
suitable setting for epidemiologic research.
This study used resources of the Rochester
Epidemiology Project (REP).11,12 The REP is
a medical records linkage system that links
the medical records of nearly all persons living
in the county. All medical diagnoses are main-
tained through an electronic index, and pa-
tients can be identified through their in- and
outpatient contacts across the local medical
providers.12 This study was approved by the
institutional review boards of Mayo Clinic
and Olmsted Medical Center.

Cohort Identification and Validation
Using consistent data collection methods that
were available from January 1, 1987, to
December 31, 2012, residents admitted to
Olmsted County hospitals with possible MI
and who provided general authorization to re-
view medical records for research as part of
Minnesota law (Statute 144.335) were identi-
fied using methods previously described.13

Briefly, all events with International Classifica-
tion of Diseases, Ninth Revision code 410 (acute
MI) were reviewed. The MIs were validated us-
ing standard epidemiologic criteria that inte-
grate cardiac pain, electrocardiogram
changes, and elevated levels of biomarkers.14

From 1987 to 2000, creatine kinase (CK)
and creatine kinaseemyoblast isoenzyme
were used, and 2000 onward, troponin was
used, as previously described.13

Cases were manually reviewed to ensure
that there were no alternative causes resulting
in biomarker level elevation. Only incident
(first-ever) cases were studied; thus, patients
with MI diagnosed before 1987 were
Mayo Clin Proc Inn Qual Out n April 2021
excluded. Patients who died before being
admitted to the hospital were not included
in the study; cases who died during the hospi-
talization were included. In this study, we
focused on premature MI, defined using age
cut-points based on the definition for family
history of premature coronary artery disease
(CAD; aged <55 years in men and <65 years
in women).15,16

Clinical Characteristics
Medical records were reviewed by trained nurse
abstractors to abstract information on clinical
characteristics at the time of incident MI, as pre-
viously described.17 Consistent definitions for
risk factors were used throughout the study
period; therefore, risk factor ascertainment
was not affected by changes in clinical practice.
Body mass index (calculated as the weight in ki-
lograms divided by the height in meters
squared) was calculated using the current
weight and earliest adult height. Current smok-
ing was defined based on smoking (yes/no)
within 6 months before the incident MI.18 Co-
morbid conditions (hypertension, hyperlipid-
emia, and diabetes mellitus) were identified
by clinician-documented diagnoses, as previ-
ously described.18 Familial coronary heart dis-
ease was defined as the presence of a first-
degree relative (men aged <55 years or women
<65 years) with a history of MI or coronary
bypass grafting. The Charlson Comorbidity In-
dex was measured, as previously described.18,19

Risk factors were allocated to individuals based
on presence at the time of presenting with MI.

Data for ST-segment elevation, anterior
MI, Killip class, participation in cardiac reha-
bilitation, and medications at discharge were
collected. The presence of Q waves was deter-
mined from serial comparisons of the electro-
cardiograms. The Global Registry of Acute
Coronary Events (GRACE) score was calcu-
lated using 9 bedside clinical variables (older
age, history of MI, history of heart failure,
increased pulse, low systolic blood pressure,
elevated creatinine level, elevated cardiac
enzyme levels, ST-segment depression, and
not having percutaneous coronary interven-
tion in the hospital) that are predictive of 6-
month mortality in patients with acute coro-
nary syndrome.20 Medications prescribed at
the time of hospital discharge were abstracted,
as was participation in cardiac rehabilitation,
;5(2):413-422 n https://doi.org/10.1016/j.mayocpiqo.2021.01.011
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TABLE 1. Characteristics of Men Aged 18 to 55 Years Presenting With Incident MI, Categorized by Time

Characteristic
1987-1995
(N¼145)

1996-2004
(N¼195)

2005-2012
(N¼188) Ptrend

Age at MI (y), mean � SD 47.3�6.2 47.3�6.1 47.5�6.7 .771

Risk factors
Current smoker, no. (%) 77 (53.5) 100 (51.3) 85 (45.2) .126
Body mass index (kg/m2), mean � SD 29.3�6.8 30.4�5.8 30.4�6.0 .116
Familial coronary heart disease, no. (%) 50 (36.5) 60 (30.8) 57 (30.5) .277
Hypertension, no. (%) 53 (36.6) 70 (35.9) 88 (46.8) .045
Hyperlipidemia, no. (%) 37 (25.5) 84 (43.1) 109 (58.0) <.001
Diabetes mellitus, no. (%) 12 (8.3) 22 (11.3) 31 (16.5) .022

Charlson Comorbidity Index score, no. (%) .036

0 106 (73.1) 145 (74.4) 123 (65.4)
1-2 32 (22.1) 39 (20.0) 45 (23.9)
�3 7 (4.8) 11 (5.6) 20 (10.6)

MI characteristics, no. (%)

Cardiac pain 142 (97.9) 190 (97.4) 183 (97.3) .738
Killip class II-IV 37 (26.1) 34 (17.7) 23 (12.2) .001
ST-segment elevation 62 (43.1) 84 (44.2) 83 (44.1) .850
Presence of Q waves 62 (44.0) 116 (64.4) 108 (61.0) .004
GRACE score, mean � SD 75.6�18.7 74.0�15.6 71.9�18.3 .057

MI management, no. (%)

Reperfusion or revascularization during
hospitalization

113 (78.5) 158 (81.0) 166 (88.3) .016

Aspirin at discharge 120 (84.5) 184 (95.3) 180 (96.8) <.001
b-blockers at discharge 99 (69.7) 173 (89.6) 178 (95.7) <.001
Statins at discharge 5 (3.5) 122 (63.2) 180 (96.8) <.001
Attended �1 cardiac rehabiliation session 120 (85.1) 157 (81.8) 136 (73.1) .006

GRACE, Global Registry of Acute Coronary Events; MI, myocardial infarction.

COMMUNITY STUDY OF PREMATURE MI
defined as attending the first session of an
outpatient cardiac rehabilitation program.

The extent of CAD was expressed by the
number of major coronary arteries with signif-
icant obstruction (0-, 1-, 2-, or 3-vessel dis-
ease) obtained from coronary angiograms at
a median of 2 (25th-75th percentile, 0-2)
days after MI. A significant obstruction was
defined as angiographic evidence of 50% or
greater luminal stenosis of any of the epicar-
dial coronary vessels, including side
branches.21 Retrieval of all coronary angiog-
raphy procedures, both diagnostic and thera-
peutic, was possible through a registry of all
coronary angiographies performed at Mayo
Clinic (the sole provider of coronary angiogra-
phies in Olmsted County).
Outcome Ascertainment
Participants were followed up using their com-
plete inpatient and outpatient medical records
Mayo Clin Proc Inn Qual Out n April 2021;5(2):413-422 n https://d
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in the community from the index MI through
September 30, 2018 (date of last follow-up),
for recurrent MI and death. Recurrent MI
was based on a clinical diagnosis.22 Informa-
tion on death was obtained using death certif-
icate data for the state of Minnesota available
through the REP.
Statistical Analyses
All analyses were stratified by sex. Patient
characteristics are presented as frequency
with percentage or mean � SD according to
period of the MI (1987-1995, 1996-2004,
and 2005-2012). Differences across periods
were tested using analysis of variance for
continuous variables and Mantel-Haenszel c2

tests for categorical variables. Age- and year-
specific incidence rates of MI were calculated.
The counts of validated cases were used as the
numerators, and the denominators were the
Olmsted County population 18 years or older
oi.org/10.1016/j.mayocpiqo.2021.01.011 415
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FIGURE 1. Distribution of number of occluded arteries (0, 1-2, and 3
vessels) at the time of the incident myocardial infarction, categorized by
time period for (A) men aged 18 to 55 years and (B) women aged 18 to 65
years.
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as determined by census data for 1980, 1990,
2000, and 2010, with linear interpolation for
the intercensal years and extrapolation after
2010.23 The rates were directly standardized
to the age distribution of the 2010 US male
and female population. Poisson regression
was used to examine trends over time. Linear
and quadratic components of calendar year
and age were tested, along with the year �
age interaction.
Mayo Clin Proc Inn Qual Out n April 2021
Mortality was analyzed using the Kaplan-
Meier method according to time, with differ-
ences tested using the log-rank test. Cumula-
tive incidence curves for recurrent MI
treating death as a competing risk were con-
structed; differences across periods were tested
using the method by Grey.24 Cox proportional
hazards regression models examined temporal
trends in outcomes, adjusting for age, comor-
bid conditions, MI characteristics, and GRACE
score. A quadratic calendar year effect was
tested and found to be nonsignificant. The
proportional hazards assumption was tested
using the scaled Schoenfeld residuals and
found to be valid. Data analyses were per-
formed using SAS software, version 9.4 (SAS
Institute), and R, version 3.4 (R Foundation
for Statistical Computing).

RESULTS
In Olmsted County, Minnesota, from January
1, 1987, through December 31, 2012, a total
of 3276 participants (41.0% [n¼1343]
women) experienced an incident first-ever
MI. Among these, 850 were premature events,
including 528 (62.1%) men with a mean � SD
age of 47�6.3 years and 322 (37.9%) women
with a mean � SD age of 55�7.8 years.

Among men, the prevalence of hyperten-
sion, diabetes, and hyperlipidemia increased
over time (Table 1). Comorbidity as measured
using the Charlson Comorbidity Index
increased as well. At the time of MI presenta-
tion, the GRACE score and the proportion of
men in higher Killip classes decreased over
time. The severity of CAD did not change
over time (Ptrend¼.19; Figure 1A). The use of
reperfusion or revascularization during the in-
dex hospitalization increased, as did the use of
aspirin, b-blockers, and statins at hospital
discharge. Participation in cardiac rehabilita-
tion decreased over time (Table 1).

Among women, with regard to cardiovas-
cular risk factors, the prevalence of hyperlipid-
emia increased over time, whereas no change
in hypertension and diabetes was detected.
The GRACE score decreased, as did the pro-
portion with Killip classes II to IV and ST-
segment elevation MI (Table 2). Women expe-
rienced less severe CAD over time
(Ptrend¼.010; Figure 1B). The use of aspirin,
b-blockers, and statins at hospital discharge
increased, whereas there was no change in
;5(2):413-422 n https://doi.org/10.1016/j.mayocpiqo.2021.01.011
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TABLE 2. Characteristics of Women Aged 18 to 65 Years Presenting With Incident MI, Categorized By Time
Periods

Characteristic
1987-1995
(N¼96)

1996-2004
(N¼135)

2005-2012
(N¼90) Ptrend

Age at MI (y), mean � SD 56.4�7.8 54.5�7.4 54.6�8.2 .103

Risk factors
Current smoker, no. (%) 44 (45.4) 60 (44.4) 38 (42.2) .668
Body mass index (kg/m2), mean � SD 28.6�6.9 30.4�8.7 31.2�7.9 .024
Familial coronary heart disease, no. (%) 25 (26.6) 45 (34.4) 33 (37.1) .130
Hypertension, no. (%) 52 (53.6) 74 (54.8) 56 (62.2) .241
Hyperlipidemia, no. (%) 29 (30.2) 72 (53.3) 59 (65.6) <.001
Diabetes mellitus, no. (%) 23 (23.7) 51 (37.8) 25 (27.8) .511

Charlson Comorbidity Index score, no. (%) .884

0 47 (49.0) 49 (36.3) 48 (53.3)
1-2 34 (35.4) 54 (40.0) 23 (25.6)
�3 15 (15.6) 32 (23.7) 19 (21.1)

MI characteristics, no. (%)

Cardiac pain 93 (95.9) 117 (86.7) 87 (96.7) .901
Killip class II-IV 29 (30.9) 39 (29.1) 12 (13.3) .007
ST-segment elevation 38 (39.6) 50 (37.9) 19 (21.3) .010
Presence of Q waves 38 (40.0) 79 (63.2) 37 (43.5) .546
GRACE score, mean � SD 97.0�22.3 93.3�22.8 89.4�21.0 .021

MI management, no. (%)

Reperfusion or revascularization during
hospitalization

69 (71.9) 79 (58.5) 63 (70.0) .751

Aspirin at discharge 67 (73.6) 106 (86.9) 84 (93.3) <.001
b-blockers at discharge 48 (52.7) 96 (78.7) 80 (88.9) <.001
Statins at discharge 5 (5.5) 67 (54.9) 82 (91.1) <.001
Participation in cardiac rehabiliation 59 (66.3) 70 (57.4) 55 (61.8) .539

GRACE, Global Registry of Acute Coronary Events; MI, myocardial infarction.

COMMUNITY STUDY OF PREMATURE MI
the use of reperfusion or revascularization or
in participation in cardiac rehabilitation
(Table 2).
MI Incidence
The age-adjusted incidence rates of prema-
ture MI declined over time for both men
(P<.001) and women (P<.001; Figure 2).
The incidence decreased by 39% during the
study period for men (rate ratio [RR], 0.61;
95% CI, 0.46 to 0.81, for 2012 vs 1987)
and 61% for women (RR, 0.39; 95% CI,
0.27 to 0.57, for 2012 vs 1987), but the
trends differed by age (men: year � age inter-
action P¼.036; women: year � age interac-
tion P¼.022) with a larger decline for older
ages. For example, comparing 2012 to
1987, there was 31% decreased risk for MI
in men aged 45 years (RR, 0.69; 95% CI,
0.51 to 0.93) and 57% decreased risk in
Mayo Clin Proc Inn Qual Out n April 2021;5(2):413-422 n https://d
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men aged 55 years (RR, 0.43; 95% CI, 0.28
to 0.66). For women, there was 59%
decreased risk for MI in women aged 55
years (RR, 0.41; 95% CI, 0.29 to 0.58) and
76% decreased risk for women aged 65 years
(RR, 0.24; 95% CI, 0.14 to 0.42).
Outcomes after MI
The mean � SD follow-up was 13.3�7.9
years. Altogether, 232 recurrent MIs and 311
deaths were enumerated. Men experienced
140 recurrent MIs and 159 deaths and women
experienced 92 recurrent MIs and 152 deaths.
Recurrent MI
Among men, the cumulative incidence of
recurrent MI at 5 years was 11.0% (58/528)
overall. No change in the cumulative incidence
was observed during the study period, with
5-year estimates of 15%, 11%, and 8% for
oi.org/10.1016/j.mayocpiqo.2021.01.011 417
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the periods 1987 to 1995, 1996 to 2004, and
2005 to 2012, respectively (P¼.18;
Figure 3A). The unadjusted hazard ratio
(HR) for 2012 vs 1987 was 0.59; 95% CI,
0.31 to 1.10 (Table 3). No change in the asso-
ciation between year of MI and recurrent MI
was observed after adjustment for the residual
effect of age or after further adjustment for dia-
betes mellitus and GRACE score.

Among women, the cumulative incidence
of recurrent MI at 5 years was 13.0% (42/
322) overall and declined in the last period,
with 5-year estimates of 13%, 18%, and 6%
for 1987 to 1995, 1996 to 2004, and 2005
to 2012, respectively (P¼.046; Figure 3C).
The unadjusted HR for 2012 vs 1987 was
0.47; 95% CI, 0.21 to 1.08 (Table 3). As
observed for men, the temporal trends did
not materially change after adjustment for
age, diabetes mellitus, and GRACE score.
Mortality
Among men, 5-year mortality was 8.9% (47/
528) and did not change over time (10%,
9%, and 8% for 1987-1995, 1996-2004, and
2005-2012, respectively; P¼.79; Figure 3B).
After adjusting for age, there was no temporal
decline in mortality among men (HR, 0.75;
Year

2 1997 2002 2007 2012

Men Women

premature myocardial infarction in adults (men
n aged 18-65 years). Yearly rates (smoothed using
per 100,000 persons were standardized by the
e distribution of the US population in 2010.

Mayo Clin Proc Inn Qual Out n April 2021
95% CI, 0.39 to 1.46 for 2012 vs 1987;
Table 3). The temporal trends did not materi-
ally change after adding diabetes mellitus and
GRACE score to the model.

For women, 5-year mortality was 19.9%
(64/322) and declined over time. The 5-year
mortality estimates were 25%, 24%, and
10% for 1987 to 1995, 1996 to 2004, and
2005 to 2012, respectively (P¼.008;
Figure 3D). Comparing 2012 with 1987,
women experienced 66% decreased risk for
mortality after adjustment for age (HR, 0.34;
05% CI, 0.17 to 0.68) and 63% decreased
risk after further adjustment for diabetes mel-
litus and GRACE score (HR, 0.37; 95% CI,
0.18 to 0.74; Table 3).
DISCUSSION
In this large community study during a
26-year period, the incidence of first-ever pre-
mature MI declined among men and women.
The prevalence of cardiovascular risk factors,
specifically hypertension, hyperlipidemia,
and diabetes, increased over time for men,
whereas only hyperlipidemia increased for
women. The prevalence of smoking did not
change. Mortality after MI declined markedly
over time in women, contrasting with the
absence of changes in men.

The high prevalence of modifiable risk fac-
tors in men and women who present early in
their life with a first MI identifies opportunities
for better lifestyle choices, which can lower
risk for heart disease by approximately
50%.25 This also highlights the importance
of campaigns including Life’s Simple 7 to pro-
mote better cardiovascular health.26 Life’s Sim-
ple 7 recommends physical activity, weight
management, smoking cessation, healthful
diet, and better management of blood pres-
sure, cholesterol level, and blood glucose
level.26 The 2020 Heart Disease and Stroke
Statistics reported that the age-standardized
prevalence of obesity among US adults has
increased from 2007 to 2008 to 2015 to
2016.27 Obesity is a major risk factor for car-
diovascular disease and influences/is influ-
enced by the other Life’s Simple 7
recommendations. Recently, a Canadian task
force identified obesity as a complex chronic
disease that requires a biopsychosocial
approach for effective management.28
;5(2):413-422 n https://doi.org/10.1016/j.mayocpiqo.2021.01.011
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men; (B) cumulative incidence of death for men; (C) cumulative incidence of recurrent MI, treating death as a competing risk for
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COMMUNITY STUDY OF PREMATURE MI
Here, the decline in age-adjusted incidence
rates of first-ever premature MI for both men
and women differs from previous reports of
unchanged incidence over time7 or different
trends for men and women.1 In a study of
administrative claims data from the National
Inpatient Sample from 2001 to 2010, MI hos-
pitalization rates for adults aged 30 to 54 years
were unchanged.7 In ARIC, from 1995 to
2014, MI hospitalization rates increased for
women aged 35 to 54 years but declined for
similarly aged men. Both studies included
samples of hospitalized patients, included pa-
tients with first-ever and/or recurrent MI,
and the nationwide study relied on discharage
diagnosis codes to identify MI.1,7,29 In
Mayo Clin Proc Inn Qual Out n April 2021;5(2):413-422 n https://d
www.mcpiqojournal.org
contrast, this study captures all first-ever vali-
dated MIs in a well-defined community.

Our observation that women experienced
less severe CAD over time and had a lower
proportion of obstructive CAD compared
with men supports emerging literature on
angiographic findings in younger women
with MI.30-32 Younger women with MI,
compared with older women and similarly
aged men with MI, have a higher prevalence
of MI with nonobstructive coronary arteries
(MINOCA), a clinical entity of MI with less
than 50% coronary occlusion.31 MINOCA
may result from coronary plaque disruption
and other causes, although the predisposing
factors are incompletely understood. Patients
oi.org/10.1016/j.mayocpiqo.2021.01.011 419
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TABLE 3. Associations Between Year of Incident MI and Outcomes (recurrent MI and death) for Men Aged 18 to
55 Years and Women Aged 18 to 65 Years at Time of Incident MIa

Recurrent MI Death

HR (95% CI) for 2012 vs 1987 P HR (95% CI) for 2012 vs 1987 P

Men
Unadjusted 0.59 (0.31-1.10) .099 0.75 (0.39-1.46) .398
Model 1b 0.59 (0.31-1.10) .099 0.75 (0.39-1.46) .397
Model 2c 0.57 (0.30-1.08) .084 0.70 (0.36-1.36) .297
Model 3d 0.60 (0.32-1.14) .118 0.76 (0.39-1.49) .424

Women
Unadjusted 0.49 (0.22-1.11) .088 0.29 (0.15-0.58) <.001
Model 1b 0.47 (0.21-1.08) .076 0.34 (0.17-0.68) .002
Model 2c 0.43 (0.19-1.00) 0.051 0.31 (0.15-0.62) 0.001
Model 3d 0.50 (0.21-1.16) 0.107 0.37 (0.18-0.74) 0.005

aHR, hazard ratio; MI, myocardial infarction.
bModel 1 adjusted for age.
cModel 2 adjusted for age and diabetes mellitus.
dModel 3 adjusted for age, diabetes mellitus, and Global Registry of Acute Coronary Events score.
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with MINOCA are less likely to have tradi-
tional risk factors such as hypertension and
diabetes compared with patients with coro-
nary occlusion of 50% or greater.31

Randomized clinical trials on pharmaco-
logic interventions for MINOCA are lacking;
however, observational data suggest that the
use of statins and angiotensin-converting
enzyme inhibitors/angiotensin receptor
blockers was associated with better outcomes,
whereas dual antiplatelet therapy had no
effect.33,34

Recently, we showed that atherosclerotic
burden quanitifed by the number of coronary
arteries with significant obstruction (0-, 1-, 2-,
or 3-vessel disease) is associated with a higher
incidence of post-MI heart failure.35 The
trends observed here underscore the need to
better understand risk factors, clinical presen-
tation, and outcomes of MINOCA.

Our observation that women were less
likely than men to receive reperfusion or
revascularization during hospitalization for
MI supports observations from ARIC and Vari-
ation in Recovery: Role of Gender on Out-
comes of Young AMI Patients.1,29,36 Despite
higher GRACE scores, women were less likely
than men to receive evidence-based therapies
including aspirin, b-blockers, and lipid-
lowering statins. Improving prescription of
therapies represents an opportunity for
improved secondary prevention to reduce
the risk for subsequent cardiovascular events.
Mayo Clin Proc Inn Qual Out n April 2021
In this study, women experienced less se-
vere CAD over time and were less likely than
men to receive secondary prevention thera-
pies. Our observation that women, but not
men, had a lower mortality risk over time con-
trasts with findings from ARIC, which showed
no differences in 1-year mortality between
women and men after MI.1,29,36 This study
assessed mortality among men (aged 18-55
years) and women (aged 18-65 years) during
a mean 13.3 years of follow-up, whereas
ARIC assessed 1-year mortality among adults
aged 35 to 54 years. Other studies have shown
mixed results on the association of sex and
post-MI mortality. Among 14,434 adults
admitted to an intensive care unit with MI,
women had similar 30-day mortality
compared with men but lower 20-year mortal-
ity (adjusted HR, 0.77; 95% CI, 0.66 to
0.90]).37 Similarly, a study of 658,110 individ-
uals with a first coronary heart disease event
showed that women aged 75 to 84 years
who survived to 28 days post-MI had lower
1-year mortality compared with similarly
aged men.38

Several time-varying factors may account
for these sex-based differences, including sex
differences in lifetysle changes, adherence to
secondary prevention therapies, and develop-
ment of comorbid conditions (eg, cancer and
cardiomyopathy), which are beyond the scope
of this study. In addition, factors such as drugs
(eg, cocaine, marijuana, opioids, and
;5(2):413-422 n https://doi.org/10.1016/j.mayocpiqo.2021.01.011
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oncologic medications) may influence the risk
for recurrent MI or post-MI mortality and
need further study in the context of traditional
cardiovascular risk factors. Further studies are
required to determine the influence of age and
sex on mortality after MI.

Some limitations must be acknowledged to
aid in the interpretation of the data. We did
not have data for lifestyle factors (eg, diet
and physical activity) or biomarkers (eg, coro-
nary artery calcium score). Most residents in
Olmsted County are White, and these results
will need replication in populations with
different racial/ethnic composition. The
numbers of recurrent MIs and deaths were
limited, which limited statistical power.

Our study has several strengths. We lever-
aged a comprehensive data linkage system to
capture incident MI, patient characteristics,
and outcomes within an entire community
population. The comprehensive longitudinal
study over more than 2 decades allowed us
to assess temporal trends in characteristics in
a contemporary community cohort. Finally,
through careful abstraction, we focused on
validated cases of incident MI (compared
with most studies that included incident/
recurrent MI) and described risk factors and
outcomes.
CONCLUSION
In this large community-based study, the inci-
dence rates of first-ever premature MI declined
over time for both men and women. Changes
in recurrent MI rates among men and women
over time were statistically nonsignificant, and
only women showed decreased risk over time
in mortality following a first-ever MI. Despite
this, both men and women had a high burden
of modifiable cardiovascular risk factors
amenable to interventions at the person and
population levels. Such interventions could
help reduce cardiovascular events and mortal-
ity, which remains a significant public health
problem in the United States.
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