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Abstract

BACKGROUND—Adverse pregnancy outcomes (APOs), hypertensive disorders of pregnancy, 

gestational diabetes mellitus, and preterm birth are associated with ischemic heart disease in later 

life.

OBJECTIVES—The authors aimed to study the features of premature myocardial infarction (MI) 

among women with and without prior APOs.

METHODS—We performed a retrospective analysis of women with premature MI (<65 years 

of age) referred for left heart catheterization matched with a database of abstracted pregnancy 

data. We compared MI characteristics and epicardial coronary anatomy between women with and 

without APOs during their index pregnancy and evaluated time from delivery to MI.

RESULTS—Of 391 women with premature MI and associated coronary angiography (age: 49 ± 8 

years), 154 (39%) had a prior APO (hypertensive disorders of pregnancy n = 78, preeclampsia n = 

35, gestational diabetes mellitus n = 28, and preterm birth n = 48). Women with APO history had 

a higher prevalence of diabetes (33% vs 16% without APO; P = 0.001) and presented earlier with 

MI following delivery (19.6 [IQR: 14.3–23.5] years vs those without APO 21.5 [IQR: 17.0–25.4] 
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years; P = 0.012), driven by preeclampsia (17.1 [IQR: 12.7–22.4] years, P = 0.010). Women with 

and without APOs had similar MI features including rates of ST-segment elevation MI, obstructive 

and multi-vessel coronary artery disease, percutaneous coronary intervention, and shock.

CONCLUSIONS—Among women with premature MIs, 39% had a history of an APO. Women 

with APO history presented sooner after pregnancy but had similar MI characteristics vs 

those without APOs. Pregnancy history may identify women who warrant early, aggressive 

cardiovascular disease prevention.
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gestational diabetes mellitus; hypertensive disorders of pregnancy; myocardial infarction; 
preeclampsia; pregnancy

Adverse pregnancy outcomes (APOs), such as hypertensive disorders of pregnancy (HDP), 

gestational diabetes mellitus (GDM), and preterm birth (PTB) are associated with ischemic 

heart disease (IHD) in later life.1,2 Prior studies have shown that just 14 years after delivery, 

women with preeclampsia (PEC) history are at over double the risk of developing IHD 

compared with women without PEC history.1,2 GDM also carries a 2-fold higher risk 

of cardiovascular (CV) events that is independent of development of type 2 diabetes.3 

Similarly, PTB is associated with an increased risk of future coronary heart disease and may 

be a prognostic marker of worse outcomes following coronary artery stenting.4,5

Atherosclerotic disease likely contributes to increased IHD risk, as women with PEC history 

have higher coronary artery calcium scores than women without PEC even after adjusting 

for hypertension and other traditional CV risk factors.6 APOs have also been associated with 

lower coronary flow reserve among women with signs and symptoms of ischemia without 

obstructive coronary artery disease, suggestive of a predominant microvascular pathology 

responsible for their ischemic physiology.7

The evaluation of premature myocardial infarction (MI before age of 65 years) 

characteristics, etiology, and severity among women with APOs as compared to those 

without APOs has been limited.7,8 Of prior studies investigating APOs and MI 

characteristics in later life,8,9 neither comprehensively assessed APOs known to be 

associated with future IHD nor evaluate PTB. Prior studies also lack detail on coronary 

disease patterns and timing of disease presentation with premature MI after pregnancy 

complicated by an APO.

Understanding timing of MI presentation after pregnancy could help guide risk assessments 

and inform management decisions. Furthermore, understanding the association of prior 

APOs with etiology of MI could influence MI management. Women with MIs are less 

likely to have obstructive coronary artery disease and more likely to have MIs with no 

obstructive coronary arteries10 including spontaneous coronary artery dissection (SCAD),11 

particularly at younger ages, when compared with men. In women with premature MI, it is 

unknown whether APO history influences the development and severity of obstructive and 

nonobstructive atherosclerotic disease, or SCAD.
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In this study, we aimed to determine features of premature MI among women with prior 

APOs including HDP (PEC or gestational hypertension [GH]), GDM, and PTB, compared 

with those without any APO history. We aimed to evaluate markers of clinical severity 

during MI presentation and coronary angiographic findings. Among women with premature 

MI, we hypothesized that women with APO history would present earlier with MI after 

pregnancy, have more severe disease presentation, higher burden of atherosclerotic disease, 

and would be less likely to present with obstructive coronary artery disease than women 

without APO history.

METHODS

RETROSPECTIVE COHORT DEVELOPMENT.

We developed a retrospective cohort of women with a history of premature MI between ages 

18 and 64 years presenting within the University of Pittsburgh Medical Center system from 

the years 2010 to 2019. The University of Pittsburgh Medical Center system is comprised of 

over 40 hospitals throughout Pennsylvania and surrounding states (West Virginia, Ohio) that 

share a common electronic health record (EHR). We identified women with diagnosis of MI 

using hospital administrative claims data and collected all clinical data including baseline 

demographics and medical histories from the system’s EHR. For initial data extraction, we 

defined MI by 1 of 2 criteria: 1) an International Classification of Diseases-9th and 10th 

Revision (ICD-9 or ICD-10) diagnosis code of non-ST-segment elevation MI (NSTEMI) or 

ST-segment elevation MI (STEMI); or 2) an elevated troponin (≥0.1 ng/mL) and subsequent 

left heart catheterization or cardiac surgery. ICD diagnoses codes used in these analyses are 

listed in Supplemental Tables 1 and 2. The year 2010 was chosen as a starting point for MI 

admission due to the limitations of the EHR data prior to 2010. For those with recurrent MI, 

we analyzed data from the index presentation for MI.

We then matched women identified as having an MI with the Magee Obstetric Maternal and 

Infant (MOMI) database that includes records of those who delivered within our system’s 

tertiary obstetric hospital, the Magee-Womens Hospital of University of Pittsburgh Medical 

Center, which is the region’s largest tertiary delivery hospital (Figure 1). The MOMI 

database collects information on maternal, fetal, and neonatal characteristics from admitting 

services, ICD-9 and −10 codes, electronic medical record abstraction, and electronic birth 

records of all women who have delivered at Magee-Womens Hospital since 1988. For 

multiparous women, we analyzed data from the first pregnancy between July 1988 and 

December 2019.

We excluded those with twin deliveries (n = 11), prepregnancy hypertension (n = 26), 

prepregnancy MI (n = 7), APO in subsequent (not first) pregnancy (n = 40), and those 

without a left heart catheterization report available for more detailed data abstraction on 

coronary anatomy (n = 132) as shown in Figure 1.

APO DEFINITION.

APOs were chosen for inclusion based on established association with IHD in prior studies 

and were obtained using the MOMI database. PEC and GH were defined by American 
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College of Obstetricians and Gynecologists definitions at time of delivery based on ICD-9 

and −10 codes from discharge diagnoses for the delivery encounter. These diagnoses 

have been validated in a subset by an honest broker by comparison to patient charts and 

examination of frequencies for outliers.12 PEC was evaluated alone and in combination with 

GH to form a composite HDP variable given the evidence of CV disease (CVD) in both 

groups that were analyzed collectively in multiple prior studies.1,13 Similarly, GDM was 

defined by ICD-9 and ICD-10 codes on discharge diagnoses. PTB was defined as delivery 

before 37 weeks gestation. In considering women may have multiple exposure variables 

during index pregnancy, we categorized patients by APO category in the following order, 

if present: 1) PEC; 2) HDP (PEC group plus those with GH without diagnosis of PEC; 3) 

GDM without HDP (only if no HDP diagnosis); and 4) normotensive PTB (only if no HDP 

nor GDM diagnosis).

MI DATA ABSTRACTION.

Once all MI-related clinical data were abstracted from the EHR, 3 independent physician 

reviewers screened left heart catheterization reports to ensure that either acute coronary 

syndrome or concern for obstructive epicardial coronary disease were the reason for 

study. In addition, chart reviews of 132 patients, 57 (43%) with an APO history, who 

met the inclusion criteria for MI, but did not receive left heart catheterization, were 

reviewed to establish appropriate exclusion from the study. For the majority of patients 

without left heart catheterization, the treating team felt the event was consistent with 

supply-demand mismatch, (type II, MI) and elected not to refer for left heart catheterization 

(Supplemental Table 3). For women who had a left heart catheterization, we manually 

abstracted details from catheterization reports including type and severity of coronary 

lesions, type of intervention or plan for future coronary artery bypass grafting, invasive 

arterial blood pressure measurements, and left ventricular end diastolic pressure. Obstructive 

atherosclerotic disease was defined as a stenosis ≥50% and absence of evidence of 

alternative causes of stenosis such as SCAD or coronary vasospasm. Acute plaque rupture 

or thrombus were defined based on left catheterization report and included all those with 

STEMI. For those with no reported obstructive coronary artery disease, a subset (20%, n 

= 16) of the left heart catheterization films was reviewed by an interventional cardiologist 

who was blinded to the reports and clinical scenario. There was agreement with major report 

findings on 15/16 (94%). One was reported as normal coronaries, but upon blinded review, 

was felt to have possible subtle distal left anterior descending artery SCAD and was re-

coded as such. There was no intracoronary imaging during catheterization or other systemic 

vascular imaging suggestive of fibromuscular dysplasia to otherwise verify SCAD diagnosis. 

In addition, there was excellent agreement between interventional cardiologist (A.L.) and 

general cardiologist (M.C.) on independent reviews of the initial 16 catheterization reviews 

(15/16, 94%). The remainder of the coronary angiograms was manually reviewed by 2 

blinded cardiologists (M.C., A.K.) to examine for atherosclerotic disease or pathology 

including SCAD. There was no additional atherosclerotic disease or SCAD noted.

OTHER DIAGNOSTIC AND CLINICAL VARIABLES.

Comorbid conditions (hypertension, DM, and dyslipidemia) were obtained from the EHR 

based on diagnosis codes reported 6 months before and 6 months after MI hospitalization. 
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Body mass index (BMI), blood pressure, and medication use were also abstracted from 

the EHR. The EHR search process for antiplatelet medication use included querying the 

discharge medication reconciliation for antiplatelets as well as the discharge summary text 

for antiplatelet use. Left ventricular ejection fraction was abstracted from echocardiogram 

reports. Mortality was assessed using the EHR and the U.S. Social Security Death Index. 

Inpatient readmissions and recurrent MI were recorded if they occurred within the system to 

allow capture by our EHR.

STATISTICAL ANALYSES.

Demographics, medical history, and MI presentation variables were compared between 

women with and without an APO history overall and for the APO subgroups defined 

above. Continuous normally distributed variables were compared using the unpaired t-
test. Wilcoxon rank sum test was used for non-normally distributed continuous variables. 

Categorical variables were compared using chi-square test or Fisher exact test for variables 

with expected counts <5. Cumulative incidence curves summarized occurrence of MI events 

over time by APO. Gray’s K sample test statistics were used to compare differences by 

APO status vs individuals with no APOs. Cox proportional-hazard models adjusted for age 

at delivery, self-reported race (as a social construct), diabetes, hypertension, and BMI. We 

truncated follow-up at 20 years (mean time from MI) for this model to create a “no MI” 

group for comparison, though it should be noted that all patients in this study were selected 

based on having a premature MI. Four missing BMI values were imputed by the median. 

The Cox Proportional Hazard assumption was tested by Schoenfeld residuals. P values 

<0.05 were considered statistically significant.

Study data were collected and managed using Research Electronic Data Capture (REDCap) 

electronic data capture tools hosted at the University of Pittsburgh.14,15 This study was 

approved by the University of Pittsburgh Institutional Review Board (STUDY18120048 and 

STUDY21040178). Statistical analyses were performed using Stata version 16.0 (StataCorp 

LLC) and SAS version 9 (SAS Institute Inc).

RESULTS

We identified 7,428 women with an MI from January 2010 to December 2019, of whom 607 

had a delivery recorded in the MOMI database (Figure 1). After exclusions, our study cohort 

included 391 women who presented with an MI before 65 years and had at least one delivery 

before their MI (median age: 50 IQR: 44–55] years at the time of MI). From this group, 74 

(32%) self-identified as Black and 154 (39%) had an APO in their index delivery. Women 

with HDP history were younger at presentation for first MI (median age: 48 [IQR: 40–54] 

years) compared with women without an APO (51 [IQR: 44–55] years; P = 0.040), which 

appeared to be driven by those with PEC (47 [IQR: 41–53] years; P = 0.033) (Table 1).

Women with a prior APO also had higher prevalence of diabetes at the time of their MI 

(33% for any APO, 37% for HDP, and 48% for GDM) compared with those without an 

APO (16%), all with P ≤ 0.001. Women with GDM history had a higher prevalence of 

dyslipidemia compared with those without an APO. There were no other differences in 

traditional CV risk factors (Table 1).
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Women with an APO presented sooner after delivery with their MI compared with women 

without an APO history (19.6 [IQR: 14.3–23.5] years vs 21.5 [IQR: 17.0–25.4] years; P = 

0.012) (Table 1). When dividing by APO group, women with HDP history (GH or PEC) 

presented with their MI sooner after delivery (19.4 [IQR: 13.5–22.7] years; P = 0.010) 

as did those with only PEC history (17.1 [IQR: 12.7–22.4] years; P = 0.009) (Central 

Illustration). Cumulative incidence curves (Figure 2) and adjusted HRs (Supplemental Table 

4) demonstrate shorter time from delivery to MI for women with any APO, HDP, PEC, and 

GDM history compared with women without an APO in any pregnancy. Only one individual 

had an MI within 1 year of delivery. Sensitivity analyses looking at subgroups with single 

pregnancy with an APO, those with subsequent pregnancy without APO, and those with 

subsequent pregnancy with recurrent APO showed that those with APO recurrence did not 

present sooner with MI after delivery but did present at younger ages (Supplemental Table 

5).

Women with a left heart catheterization were older, further from the time of delivery, 

and more likely to have dyslipidemia compared with women who did not have a left 

heart catheterization (Supplemental Table 6).Women with APO history had similar rates 

of STEMI, obstructive and multivessel coronary artery disease, acute plaque rupture, 

percutaneous coronary intervention, cardiogenic shock, and 1-year mortality compared with 

those without APO history (Tables 2 and 3, Central Illustration). Peak troponin level, left 

ventricular end diastolic pressure at time of left heart catheterization, and left ventricular 

ejection fraction within 30 days of their MI were also similar between groups.

DISCUSSION

Among women with history of early presentation of MI before 65 years, an impressive 

39% had an APO history. Women with a history of APOs also presented in their late 40s 

as compared to their early 50s with MIs, a difference driven primarily by the group with 

HDP history. Among APOs, PEC was associated with the shortest time from pregnancy 

to premature MI in our cohort. Contrary to our hypothesis, women with APO history 

had similar MI characteristics, regarding likelihood of obstructive epicardial coronary 

artery disease and MI severity (STEMI, percutaneous intervention, and cardiogenic shock), 

compared with women without APO history.

We found that among a younger cohort of women presenting with premature MI, those with 

APO history presented at a median of 19.6 years after their affected pregnancy, which was 

closer to time of pregnancy than women without APO history. For women with HDP history, 

this corresponds to presentation in their late 40s vs early 50s of age. In light of increasing 

rates of HDP over the past 30 years,16 our findings might help explain the increase in MI 

presentations among young adult women, despite declines in other age and sex strata.17 

Notably, 36% of women with an MI in our study had no obstructive coronary artery 

disease by invasive angiography, likely higher than previous reports due to our younger, 

female population.18 Our finding that among women with premature MI, those with APO 

experienced their MI even earlier than women without APO is consistent with prior studies 

based in Canada.8,9
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Our findings suggest that APOs may accelerate pathologic processes leading to MI as 

soon as 15 to 20 years after delivery, when women are in their late 40s. One potential 

mechanism may be due to increased exposure to inflammation, as evidenced by elevated 

C-reactive protein, cystatin C, or inflammatory chemokines. These inflammatory biomarker 

abnormalities have been found at the time of delivery and persist in the years postpartum 

for women with HDP19–21 and GDM.22 The role of inflammation in development of 

atherosclerotic disease is well known23 and trials which target specific pathways of 

inflammation to reduce CV outcomes have shown promising results.24,25 Alternatively, 

the anti-angiogenic state associated with PEC, which is also noted to persist several 

years following pregnancy, has been associated with adverse postpartum CV profiles; 

this may also play a role in development of premature coronary disease.26–28 Maternal 

vascular malperfusion lesions, including vasculopathy and infarct, of the placenta have 

been hypothesized to give insight onto mechanisms of future vascular disease development. 

Vascular lesions of the placenta have been linked to an adverse CV profile years after 

delivery, including peripheral microvascular changes, higher blood pressure, adverse lipid 

profile, and higher carotid intima media thickness.29–31 Future studies are needed to further 

investigate specific pro-inflammatory pathways or vascular mechanisms responsible for 

earlier presentation with MI.

Women with APOs are at increased risk of developing traditional CV risk factors which may 

impact accelerated MI presentation. Diabetes prevalence was significantly higher among 

women with HDP and GDM in our study compared with women without APO history. 

Prior work has shown that women with both HDP history and hypertension have a higher 

likelihood of LV remodeling in the decade after delivery.32 By studying only early MI, our 

referent group was, by design, a high-risk group with a high proportion of CV risk factors. 

Rates of hypertension were close to 50% in both APO and non-APO groups, findings that 

are consistent with other studies investigating early MI.17

The routine evaluation of women in the postpartum period in current practice provides 

a critical opportunity to screen early for CV risk factors and apply aggressive risk 

factor management to change a woman’s potential future CVD trajectory. It is of utmost 

importance that discussion of pregnancy outcomes become a routine part of our CV history 

taking. The American Heart Association (AHA), American College of Cardiology (ACC), 

and American College of Obstetricians and Gynecologists (ACOG) recommend early and 

frequent CV risk factor screening and modification for women with a history of APOs 

including HDP, GDM, and PTB, beginning after 3 months postpartum.33–35 Considering that 

close to 40% of women with an MI before 65 years in our cohort had an APO as compared 

to 13% to 20% in epidemiologic studies, pregnancy outcomes may provide a way to identify 

women at-risk for premature MI.36 Similarly, a recent study found that among women with 

a reported stroke before 60 years of age, 39% reported a history of at least one APO.37 PEC 

is also considered a CVD risk enhancer in the 2018 AHA/ACC Cholesterol Management 

Guidelines, and thus may influence prescription of statins in women aged over 40 years.38 

Early postpartum follow-up with primary care physicians or cardiologists provides an 

opportunity for risk factor screening and counseling on lifestyle changes including diet 

improvement, weight loss, and exercise to improve CV health.39 Incorporation of APOs into 

traditional CVD risk prediction models has not consistently better re-classified women,40 
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although may better risk stratify women aged younger than 40 years. Thus, future research is 

needed to identify which women warrant the most aggressive prevention strategies.

This study has several strengths. First, we used a validated diagnosis of APO history through 

chart abstraction, not a self-report which is often the standard. Also, we present a diverse 

cohort with 32% of participants being of self-reported Black race. In addition, after initial 

extraction of EHR data for MI, all left heart catheterization reports were reviewed to ensure 

accurate inclusion for indication of acute coronary syndrome.

There are also limitations worth noting. First, this was a single medical system study, 

although there are multiple hospitals included. These hospitals are situated throughout 

diverse socioeconomic areas of Pennsylvania, West Virginia, and Ohio, and add to the 

generalizability of this study. Second, some women identified as having an MI did not have 

a left heart catheterization. This limits our analyses of angiographic findings to patients 

in whom the treating team considered the likelihood of underlying coronary artery disease 

to be high. Given that young women with MI are less likely to be referred for left heart 

catheterization, some type I MI may have been missed.17,41 Based on our chart review, of 

those who met inclusion criteria for MI, but did not have a left heart catheterization, a small 

minority (5%) were suspected to have had a type I MI (Supplemental Table 3). Third, for 

the purposes of this study, we excluded women with APO in a pregnancy other than the 

first in our system. Fourth, recurrent HDP has been associated with increased CVD risk; 

however, due to the small number of women with recurrent HDP in this study (n = 10), 

sensitivity analyses by APO were unable to be performed. Future larger studies are needed 

to investigate recurrent APO or APO in any pregnancy and impact on MI characteristics. 

Fifth, since this was a retrospective study, we were limited to using data available in the 

EHR. Thus, we were unable to include intrauterine growth restriction or miscarriages as 

APOs due to lack of available data. Similarly, some covariates were unavailable including 

parity, smoking status, alcohol use history, family history, and lipid levels. It is possible 

that antiplatelets were prescribed, but not documented. There may also be under prescribing 

of antiplatelet agents among women with acute MI, which has been reported in prior 

studies.17,42

CONCLUSIONS

Among women with premature MI, close to 40% had a history of an APO in their index 

pregnancy. Those with an APO presented with MI sooner after delivery and those with 

HDP history presented at younger ages, in their late 40s vs early 50s of age. Women with 

APOs had similar MI characteristics to those without an APO, with no observed increase 

in the likelihood of obstructive coronary artery dis- ease, and MI with nonobstructive 

coronary artery disease, including SCAD. Considering a woman’s pregnancy history may 

help identify women at greater risk for premature MI who warranted more aggressive CV 

risk factor screening and modification.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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ABBREVIATIONS AND ACRONYMS

APO adverse pregnancy outcome

BMI body mass index

CV cardiovascular

CVD cardiovascular disease

EHR electronic health record

GDM gestational diabetes mellitus

GH gestational hypertension

HDP hypertensive disorders of pregnancy

ICD International Classification of Diseases

IHD ischemic heart disease

MI myocardial infarction

MINOCA MI with no obstructive coronary arteries

MOMI Magee Obstetric Maternal and Infant

PEC preeclampsia

PTB preterm birth

SCAD spontaneous coronary artery dissection
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PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE:

Women with APOs comprised almost 40% of women with aged <65 years. Women with 

APOs presented at younger ages and sooner among those with first MI before 65 years.

COMPETENCY IN PATIENT CARE AND PROCEDURAL SKILLS:

Providers should recognize that pregnancy history can help identify women at risk for 

premature MI. Women with APOs require early and aggressive risk factor screening and 

modification to prevent future ischemic heart disease.

TRANSLATIONAL OUTLOOK:

Women with and without APO history had similar MI characteristics. Future studies 

are needed to further investigate specific mechanisms responsible for earlier presentation 

with MI among women with APOs. Interventions tailored to prevent ischemic heart 

disease in this population will be essential.

Countouris et al. Page 13

JACC Adv. Author manuscript; available in PMC 2023 September 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



FIGURE 1. Cohort Development of Women Aged <65 Years With MI and Prior Live Birth
APO = adverse pregnancy outcome; EHR = electronic health record; MI = myocardial 

infarction; MOMI = Magee Obstetric Maternal and Infant database.
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FIGURE 2. Time From Delivery to MI Cumulative Incidence Curves by Adverse Pregnancy 
Outcome
(A) Any APO vs no APO history. (B) HDP vs no APO history. (C) PEC vs no APO history. 

(D) GDM vs no APO history. (E) PTB vs no APO history. APO = adverse pregnancy 

outcome; GDM = gestational diabetes; HDP = hypertensive disorder of pregnancy; MI = 

myocardial infarction; PEC = preeclampsia; PTB = preterm birth.
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CENTRAL ILLUSTRATION. Characteristics of Premature MI After Delivery With or Without 
Adverse Pregnancy Outcomes
Women with preeclampsia, hypertensive disorder of pregnancy, or any adverse pregnancy 

outcome history presented sooner after delivery with their myocardial infarction (MI) 

compared with those without an adverse pregnancy outcome history. APO = adverse 

pregnancy outcome; CAD = coronary artery disease; MI = myocardial infarction; PCI = 

percutaneous intervention; PEC = preeclampsia; STEMI = ST-segment elevation MI.
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