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The YOUNG-MI registry is a retrospective study examining a cohort of young adults age ≤ 50

years with a first-time myocardial infarction. The study will use the robust electronic health

records of 2 large academic medical centers, as well as detailed chart review of all patients, to

generate high-quality longitudinal data regarding the clinical characteristics, management, and

outcomes of patients who experience a myocardial infarction at a young age. Our findings will

provide important insights regarding prevention, risk stratification, treatment, and outcomes of

cardiovascular disease in this understudied population, as well as identify disparities which, if

addressed, can lead to further improvement in patient outcomes.
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1 | INTRODUCTION

Significant advances in primary and secondary prevention of cardio-

vascular disease (CVD) have led to a large reduction in the incidence

of cardiovascular (CV) events as well as CV mortality.1 However, the

same reduction in CV events has not been witnessed in young

adults,2 and CVD remains a major cause of death among young indi-

viduals around the world.3

Over the past decade, the incidence of acute myocardial infarc-

tion (MI) among persons age < 55 years has remained stable.2 With

increasing rates of traditional CV risk factors such as diabetes mellitus

(DM), obesity, hypertension, hyperlipidemia, and smoking, especially

among adolescents, it is likely that coronary artery disease (CAD) will

become even more prevalent in this age group.4–7 Furthermore, con-

siderable challenges exist in prevention of CAD among young

individuals, as significant proportions are unaware of their risk fac-

tors.8 Current risk calculators—which are based on older

populations—are less applicable to younger patients, especially those

age < 40 years.9 When young adults, especially females, experience

symptoms of CAD, they may be more likely to have atypical symp-

toms, leading to delays in presentation or treatment.10 Finally, young

adults may have higher rates of medication nonadherence.11

The burden of CAD in the young is an important public-health

issue given the negative impact on physical, mental, social, and finan-

cial health, and greater healthcare utilization among affected indivi-

duals. Therefore, we set out to assess the demographics, clinical

characteristics, quality of care received, and outcomes of young

patients presenting with a first-time MI.

2 | STUDY OBJECTIVES

The initial objectives of the study are (1) to characterize the presence,

awareness, and treatment of CV risk factors among young patients
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admitted with MI; (2) to determine how contemporary risk scores

perform in risk-stratifying young individuals with MI; (3) to character-

ize presenting symptoms as well as time to presentation among

young individuals with MI; (4) to determine the frequency and prog-

nosis of type 1 and type 2 MI in young individuals; (5) to investigate

differences and disparities in presentation, management, and out-

comes of MI in young individuals by age, sex, and race; (6) to charac-

terize invasive angiography findings among young individuals with

MI; (7) to characterize noninvasive cardiac imaging test findings prior

to MI; and (8) to identify predictors of in-hospital, 1-year, and long-

term outcomes among young individuals with MI.

3 | METHODS

The YOUNG-MI registry is a dynamic registry of young individuals

admitted to 2 large academic centers with a first MI. The first phase

of the registry will include patients presenting between January 2000

and April 2016. Figure 1 provides an outline of the study design.

3.1 | Data source

The Research Patient Data Registry (RPDR) at Partners HealthCare

will serve as the data source for this registry. RPDR extracts clini-

cal data from several hospitals in Partners HealthCare, including

Brigham & Women's Hospital and Massachusetts General Hospital,

and stores the data in a single central data warehouse. It provides

demographics, diagnoses, laboratory tests, medications, health his-

tory, procedures, and clinical notes for individuals meeting speci-

fied criteria. RPDR is linked to the Social Security Administration

Death Master File and can provide vital status information for all

subjects.

The Partners HealthCare Institutional Review Board has

approved the study in its current form.

3.2 | Entry criteria

3.2.1 | Identification of potential patients with MI

We will use the RPDR to identify patients with International Classifi-

cation of Diseases, Ninth Revision (ICD-9) or ICD-10 diagnoses of

acute MI (410.xx, I21.xx) or elevated cardiac biomarkers (troponin

[Tn] I or T, or creatine kinase-MB fraction [CK-MB]), starting from

January 2000. Patients age ≤ 50 years at time of presentation will be

included. The RPDR will be queried at various phases to continually

add patients to the registry.

Most studies use an age of ≤45 years to describe “young adults”

with CVD,12–14 whereas those with a primary focus on women use

an age of ≤55 years as the cutoff.15 Furthermore, data from the past

decade have demonstrated that hospitalizations for acute MI

increased in absolute numbers for women age < 50 years, but

decreased for similarly aged men, and for both sexes 50 to 55 years

of age.2 Based on these findings, our study will use an age of

≤50 years to categorize young individuals, regardless of sex.

3.2.2 | Adjudication of MI

Records of patients who meet entry criteria (patients age ≤ 50 years

with potential MI) will be uploaded into our secure, customized elec-

tronic adjudication system for review. For each of these patients, all

available clinical records from the index admission, including the physi-

cian notes, laboratory tests, imaging studies, any procedural results, and

discharge summary, will be reviewed to determine the presence and

type of MI using the third universal definition of MI (Figure 2).16 Type

1 MI will be defined as an MI related to atherosclerotic plaque rupture,

ulceration, fissuring, erosion, or dissection with resulting thrombus. Type

2 MI will be defined in instances where a condition such as coronary

endothelial dysfunction, coronary artery spasm, coronary embolism,

arrhythmia, anemia, respiratory failure, hypotension, or hypertension

contributes to an imbalance between myocardial oxygen supply and

demand. Type 3 MI will be defined as MI resulting in death when bio-

markers are unavailable (we anticipate few type 3 MI cases, as our entry

criteria are based on elevated biomarkers). Type 4 and type 5 MIs will

be excluded, as we are excluding patients with known CAD.16

FIGURE 1 Schema of registry design. Abbreviations: CAD, coronary

artery disease; CK-MB, creatine kinase MB fraction; CV,
cardiovascular; ICD, International Classification of Diseases; MI,
myocardial infarction
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Cases not determined to have an MI or cases that meet exclusion

criteria will be further adjudicated to determine the primary cause of

elevated cardiac biomarkers, particularly because younger individuals

can have various other conditions that can lead to an elevation of

these markers.17 Records will be reviewed by a team of trained study

physicians. Cases in which there is uncertainty regarding the diagno-

sis of MI will be reviewed by the full adjudication committee, with

decision reached by consensus.

3.2.3 | Inclusion criteria

The study will include individuals presenting with (1) age ≤ 50 years

and (2) rise and fall of cardiac biomarkers, with ≥1 value above the

upper reference limit of the assay, and any one of the following:

(a) symptoms of ischemia recorded in the medical chart; (b) new or

presumed new significant ST-segment T-wave changes or new left

bundle branch block; (c) development of pathologic Q waves on the

electrocardiogram; (d) imaging evidence of new loss of viable myocar-

dium or new regional wall-motion abnormality; or (e) identification of

an intracoronary thrombus by angiography or autopsy.16

3.2.4 | Exclusion criteria

The study will exclude patients with (1) known CAD, defined as prior

MI, percutaneous coronary intervention, or coronary artery bypass

grafting; (2) severe renal dysfunction, defined as stage 5 chronic kid-

ney disease (estimated glomerular filtration rate < 15 mL/min/m2),

chronic dialysis prior to MI, or prior renal transplantion18; (3) myocar-

ditis, determined by discharge diagnosis as well as review of patient's

chart for signs and symptoms consistent with myocarditis, and/or

supportive findings on imaging or pathology19; (4) rhabdomyolysis/

myositis, determined based on history as well as elevated CK with

normal MB fraction20; (5) cardiomyopathy, including known

infiltrative cardiomyopathies such as amyloidosis or sarcoidosis, or

left ventricular ejection fraction ≤30% prior to MI, or prior cardiac

transplantation21,22; (6) acute pulmonary embolism associated with

elevated Tn23; (7) cardiothoracic surgery, cardiac procedure, or chest-

wall trauma within the past 30 days24,26; (8) central nervous system

pathology such as stroke, subarachnoid hemorrhage, or seizures, as

elevated cardiac biomarkers can commonly be observed in such set-

tings and have uncertain clinical significance27,28; and (9) other causes

of cardiac biomarker elevation not thought to represent an acute cor-

onary syndrome, such as following a marathon, electrocution, or

burns.29–31

3.3 | Ascertainment of clinical data

3.3.1 | Presentation

Information on presentation will be collected from the medical chart:

whether the patient arrived by ambulance or was transferred from an

outside hospital; presenting features, including characteristics of

chest pain and associated symptoms; time to presentation; onset of

symptoms; delays in presentation; and vital signs at presentation.

Stuttering chest pain will be defined as any waxing and waning of

chest pain over days leading to the MI. The frequency of anginal

events within 24 h prior to admission (when these data are available

from admission notes) will be ascertained to calculate risk scores. For

patients transferred from an outside hospital, the symptoms and vital

signs at presentation to the outside hospital will be recorded from

transfer notes.

3.3.2 | Hospital course

Each patient's hospital course will be reviewed, including laboratory

and both noninvasive and invasive imaging findings. In addition, we

FIGURE 2 Inclusion criteria, exclusion criteria, and case definition. Abbreviations: CAD, coronary artery disease; CNS, central nervous system;

ECG, electrocardiogram; MI, myocardial infarction; PE, pulmonary embolism
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will ascertain treatments, including whether coronary revasculariza-

tion was performed, and we will identify all in-hospital complications

of MI, such as cardiogenic shock; new-onset heart failure; episodes

of sustained ventricular tachycardia or ventricular fibrillation;

mechanical complications including papillary muscle rupture, interven-

tricular septum rupture, tamponade, or re-infarctions; and in-hospital

death during the index admission.

3.3.3 | Risk factors

Medical records will be reviewed for the presence of CV risk factors

and whether they were known prior to admission or diagnosed during

hospitalization for MI. To accomplish this, we will review all medical

records, when available, prior to hospital admission. Detailed informa-

tion will be ascertained from all available medical records on tradi-

tional and emerging CV risk factors and social history, including

substance abuse. DM will be defined as fasting plasma glucose

>126 mg/dL, glycated hemoglobin (HbA1c) ≥6.5%, or diagnosis/treat-

ment for DM. Prediabetes will be defined as fasting plasma glucose

between 100 and 125 mg/dL, HbA1c between 5.7% and 6.4%, or

diagnosis/treatment for prediabetes. Hypertension will be defined as

systolic blood pressure ≥ 140 mmHg, diastolic blood pressure ≥ 90

mmHg, or diagnosis/treatment of hypertension. Dyslipidemia will be

defined as total cholesterol ≥240 mg/dL, serum triglycerides

≥150 mg/dL, high-density lipoprotein cholesterol <40 mg/dL in men

or <50 mg/dL in women, or diagnosis/treatment of dyslipidemia.

Familial hypercholesterolemia will be defined as documented causa-

tive mutations in LDLR, APOB, or PCSK9 genes, or meeting Dutch

Lipid Clinic Network criteria for definite or probable familial hyper-

cholesterolemia.32 Chronic kidney disease will be defined as an esti-

mated glomerular filtration rate between 60 and 15 mL/min/m2 prior

to admission or a diagnosis of chronic kidney disease. Peripheral

artery disease will be defined as prior peripheral arterial revasculariza-

tion or a diagnosis of peripheral artery disease or limb claudication.

Smoking will be defined as current (tobacco products used within the

last month), former, or never. Marijuana, cocaine, and intravenous

drug use will be defined as use of these substances within the past

week, as documented by admission notes or detected on toxicology.

A positive family history of CAD will be defined as any first-degree

relative with a history of fatal/nonfatal MI or having undergone coro-

nary revascularization. Family history of premature CAD will be

defined as any of the previous occurring before age 55 years for male

family members and before age 65 years for female family members.

3.3.4 | Medications

Available medical records will be reviewed for prescription of CV

medications prior to admission and at discharge. For all lipid-lowering

medications, information on both type and dose of agent will be

recorded, to determine whether any changes in these medications

reflected intensification of therapy following MI.

3.3.5 | Laboratory tests

Laboratory values preadmission, during admission, and post-discharge

will be extracted from RPDR. In anticipation of heterogeneity of vary-

ing serum Tn assays across the 2 institutions over time, we will

standardize all abnormal values to the upper limit of normal used for

each assay.16

3.3.6 | Follow-up

One-year and longer-term follow-up of all subjects included in the

registry will be conducted via a review of the electronic medical rec-

ord system. At each follow-up, the current health status, status of

comorbidities, medication regimen, and any interim CV events will be

recorded. Death will be assessed from the Social Security Administra-

tion's Death Master File. The National Death Index will be queried

for cases in which cause of death or date of death is not available.

3.4 | Study endpoints

The following will be assessed:

• Presence, awareness, and treatment of traditional CV risk factors

upon admission.

• Medical therapies prescribed upon discharge following MI.

• Modification of risk factors 1 year post-MI, including low-density

lipoprotein cholesterol, weight, and blood pressure.

• Invasive angiographic findings.

• Adverse CV outcomes at 1 year post-MI, including CV death,

nonfatal MI, stroke, coronary revascularization, peripheral revas-

cularization, hospitalizations, emergency department visits for

chest pain/unstable angina, and hospitalizations for heart failure.

Cause of death will be adjudicated independently by 2 cardiolo-

gists. Cases in which there is disagreement will be reviewed by the

full adjudication committee, with decision reached by consensus.

Death will be classified in primarily 1 of 3 categories: (1) CV death,

(2) non-CV death, or (3) undetermined cause of death. The priority

will be to distinguish CV deaths from non-CV deaths. Causes of CV

deaths include coronary heart disease deaths defined as death from a

CV cause within 30 days of acute MI, heart failure, sudden cardiac

death, ischemic stroke, nontraumatic hemorrhagic stroke, immediate

complications of a CV procedure, CV hemorrhage, and other CV

causes such as pulmonary embolism or peripheral arterial disease.

The definition of CV death was adapted from the 2014 American

College of Cardiology/American Heart Association key data elements

and definitions for CV endpoint events in clinical trials.33 Death certi-

ficates will be requested to determine the cause of death in cases

without sufficient information.

3.5 | Data management

Study-related data for all patients who meet inclusion criteria will be

stored on REDCap tools hosted by Partners HealthCare Research

Computing, Enterprise Research Infrastructure & Services group.

REDCap is an encrypted, secure, Health Insurance Portability and

Accountability Act–compliant web platform for electronic data cap-

ture and serves as an intuitive interface to enter data with real-time

validation (automated data type and range checks). This platform

offers easy data manipulation with audit trails and reports for moni-

toring and querying participant records.34
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3.5.1 | Statistical analysis

Clinical characteristics will be compared across different subgroups,

including sex, race, socioeconomic status, and type of MI. Continuous

variables will be reported as means or medians and compared with

t tests, Wilcoxon rank-sum, or analysis of variance, as appropriate.

Categorical variables will be reported as frequencies and proportions

and will be compared with χ2 or Fisher exact tests. Ordinal variables

will be compared with a trend test. Regression modeling will be per-

formed to adjust for differences and confounding and to examine

relationships between different subgroups. Cox proportional-hazards

modeling will be performed for time-to-event analyses. Supervised

and unsupervised machine-learning algorithms will be used for pre-

dictive modeling and will be compared with traditional statistical

approaches. All analyses will be performed on de-identified data.

4 | DISCUSSION

Despite the important decrease in CVD in most age groups,35,36

numerous reports highlight the increasing numbers of young adults

with CVD. Recent analyses from the National Inpatient Sample have

found increasing CV risk factors,2,37 increasing prevalence of ischemic

stroke,37 and stable rates of acute MI hospitalization in young

adults.2

The YOUNG-MI registry will provide real-world longitudinal clini-

cal data on young individuals with premature CAD presenting with a

first MI. Physician review of all cases will generate high-quality

patient-level data. The longitudinal design will enable follow-up of

long-term outcomes and trajectories of comorbidities in these indivi-

duals. Data generated will complement those from other studies in

this field, such as the Variation in Recovery: Role of Gender on Out-

comes of Young AMI Patients (VIRGO). VIRGO is a prospective study

that has provided valuable insights into young women (and men) with

MI.15 However, this study was less likely to include sicker patients or

those who died during their hospital course. Consequently, mortality

over the 1 year of follow-up in VIRGO was low, providing limited

power for analyses of this outcome.38

Currently available risk calculators are reported to overestimate

risk in most individuals,39 but even these likely underestimate risk

among young individuals.40 Most young patients do not cross the

threshold for primary prevention defined by current guidelines, and

consequently they are not considered candidates for preventive

therapies. The underestimation of CV risk among young individuals,

and subsequent failure to prevent events, is even more concerning

given the impact of CVD on loss of lifetime productivity and

increased lifetime healthcare utilization. Results from this registry

may be used to improve the calibration of existing risk calculators or

inform future risk-prediction models designed specifically for young

individuals.

Although most CVD prevention trials have excluded young indi-

viduals, the ongoing Eliminate Coronary Artery Disease (ECAD) clini-

cal trial (http://www.ClinicalTrials.gov NCT02245087) is recruiting

young adults with 1 CV risk factor and low-density lipoprotein cho-

lesterol >70 mg/dL who do not meet guideline-based treatment

thresholds. This trial will test whether low-dose atorvastatin will lead

to a reduction in CV events compared with guideline-based care over

8 to 10 years of follow-up. Ultimately, results from our registry may

provide data on how to better recognize risk among young

individuals.

4.1 | Study limitations

This will be a retrospective study analyzing patient encounters over

the past 16 years. The long time span introduces variability, as the

disease definitions, laboratory assays, and clinical practice have chan-

ged over time. The retrospective nature also introduces inherent

biases, and although multivariable models will be used to adjust for

known confounders, unmeasured and residual confounding will still

exist. As the study is limited to 2 large academic centers in one

region, results may not be fully generalizable to other practice set-

tings or other regions. Although we will rely on retrospective data, a

strength of our study is that we will conduct individual chart review

of all patients, rather than relying on coded or administrative data

fields. In addition, because all patients who experience an MI are

admitted to the hospital and have a detailed history and physical,

which includes a thorough assessment of their past medical and social

history, we anticipate having comprehensive data available for most

patients for the index admission.

5 | CONCLUSION

The YOUNG-MI registry is a large, retrospective analysis of a cohort

of young men and women presenting with a first MI. By combining

data from our robust electronic health records and performing indi-

vidual chart reviews, we will have comprehensive data that will allow

us to characterize differences in the presence, awareness, and treat-

ment of risk factors, as well as long-term CV outcomes. Finally,

results from our registry may provide data on how to improve risk

assessment among young individuals, as well as identify disparities in

outcomes and processes of care.
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