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4. Rationale:

In coronary artery disease, targeted strategies against the well-recognized modifiable risk factors
of diabetes, hypercholesterolemia, hypertension, and smoking (known as the standard modifiable
cardiovascular risk factors [SMuRFs]) have led to major improvements in prevention and
treatment[1, 2]. However, a clinically significant proportion of patients present with life
threatening myocardial infarction with no previous symptoms, and none of the SMuRFs at or
greater than diagnostic thresholds][3].

Patients without SMuRFs are often overlooked in clinical trial publications, which classically
report the proportion of patients with known risk factors, but not the proportion with none. On a
review of the international guidelines and their referenced trials, there has been an absence of
data on the proportion of patients without SMuRFs. Moreover, characteristics and outcomes in
this group, including adherence and specific response to secondary prevention therapies, are not
known.

A retrospective study showed that the proportion of patients with ST-elevation myocardial
infarction (STEMI) without SMuRF increased, from five (10-9%) of 46 patients in 2006, to 26
(27-4%) of 95 patients by 2014[4]. An increase in this population presenting with STEMI
without SMuRF was also observed in a large Australian national registry, increasing from 45
(14%) of 337 patients to 132 (23%) of 570 patients between 1999 and 2017.[5] This group had a
higher in-hospital mortality rate as compared with patients with at least one SMuRF[5], similar
to previous reports in Canadian and US cohorts.[6, 7].This unexpected observation requires
further appraisal.

In this study, we will analyze data from patients with first presentation with MI to examine the
clinical characteristics of patients without SMuRFs and compare short-term and long-term
outcomes with their counterparts with at least one modifiable risk factor. To investigate this, we
will examine the community surveillance data captured by ARIC from 1987-2014.

5.  Main Hypothesis/Study Questions:
1. What is the prevalence of Ml in patients without SMuRF among the total patients hospitalized
with MI? Does the prevalence differ within demographic subgroups? Does the prevalence

differ based on the type of MI (STEMI vs NSTEMI)?

2. Do clinical characteristics of patients admitted with MI differ between patients with and
without SMuRFs?

3. Do the laboratory findings, echocardiographic features and clinical management differ in
patients presenting with MI with and without SMuRF?

4. Do the incidence rates of 30-day mortality and MACE differ between Ml patients with
and without SMuRF? Do these outcomes differ based on the type of MI1?



6. Design and analysis (study design, inclusion/exclusion, outcome and other variables of
interest with specific reference to the time of their collection, summary of data analysis,
and any anticipated methodologic limitations or challenges if present).

Study Population:
Patients hospitalized with CAD events captured by the ARIC community surveillance between
1987-2014.

Exposure:
Patients with M, stratified by presence of SMuRFs. Presence of MI was abstracted from the

medical record and confirmed with ICD-9 discharge codes.

Qutcomes:
e Clinical characteristics and laboratory findings in patients admitted with Ml stratified by
presence of SMuRFs, as defined in Tables 1-3 below
e Short-term and long-term clinical outcomes in Ml patients stratified by presence of
SMuRFs, including All-cause mortality, Cardiovascular mortality, recurrent myocardial
infarction, heart failure, stroke, revascularization, major bleeding, MACE
o Death within 30-days and 1-year of the index hospitalization discharge date.
o Cardiovascular death defined by death due to “diseases of the circulatory system”
would be based on ICD-9 codes 390-459 and ICD-10 codes 100-199.

Exclusion Criteria
We will exclude patients 75-85 years of age as this age group was only sampled between years
2005 to 2014.

Electrocardiography

The first, third, and the last 12-lead electrocardiograms (ECG) over the course of hospitalization
will be obtained from the medical record which is coded electronically at the Minneapolis ECG
Reading Center.

Chest Pain

Presence of chest pain will be abstracted from the medical record, with origin determined by
review of physician notes. Any mention of substernal pressure, tightness, or pain precipitated by
exertion or excitement was considered evidence of chest pain of cardiac origin.

Acute Myocardial Infarction Classification

Events classified by the ARIC study as definite, probable, suspected, or no MI, based on ECG
evidence (evolving diagnostic, diagnostic, evolving ST-segment/T-wave changes, equivocal, or
absent/uncodable), presence of chest pain, and cardiac biomarkers (which were considered
“abnormal” if >2x the upper limit of normal (ULN), and “equivocal” if exceeding the ULN but
<2x the ULN). Classification of an event as definite or probable AMI will be based on the
presence of at least one of the following: 1) evolving diagnostic ECG pattern 2) diagnostic ECG
pattern and abnormal biomarkers, 3) cardiac pain and abnormal biomarkers, 4) cardiac pain and
equivocal biomarkers with evolving ST-segment/T-wave pattern or diagnostic ECG pattern, or 5)
abnormal biomarkers with evolving ST-segment/T-wave pattern.




Biomarkers
Laboratory values for biomarkers of cardiac injury will be obtained from values that were
recorded for the first 4 days of hospitalization.

Medical Therapies

Medications record based on administration either during hospitalization or prescribed at hospital
discharge. Aspirin will require routine rather than pro re nata administration for abstraction.
Non-aspirin antiplatelet therapy will be recorded as a single category and included

P2Y 12 inhibitors (cangrelor, clopidogrel, prasugrel, ticagrelor, ticlopidine), glycoprotein I1b/l11a
inhibitors (abciximab, eptifibatide, tirofiban), phosphodiesterase 3 inhibitors (cilostazol),
phosphodiesterase 5 inhibitors (dipyridamole), and protease-activated receptor-1 antagonists
(vorapaxar). Beta blockers included B1 adrenergic antagonists. Angiotensin-converting enzyme
inhibitors and angiotensin 11 receptor blockers (ACEI/ARB) will be recorded as a single
category. Lipid-lowering agents included statins, niacin, and fibrates.

Procedures

Echocardiography, stress testing, angiography and revascularization procedures will be
abstracted from the medical record. Echocardiography includes transthoracic and
transesophageal echocardiograms. Stress testing included exercise testing (treadmill or bicycle
ergometer), stress echocardiography, cardiac stress magnetic resonance imaging, and nuclear
stress tests. Revascularization will include percutaneous coronary intervention or coronary artery
bypass graft surgery.

Analytical Plan

Continuous variables will be assessed for normality and compared using the difference in least
square means from weighted linear regression. Categorical variables will be compared using
Wald 2 tests. The annual incidence of AMI hospitalizations among patients with and without
SMuRFs will be calculated by dividing the weighted number of sampled AMI hospitalizations
by the total number of ARIC residents. Similarly, the proportion of AMI hospitalizations that
occur in patients with SMuRFs as well as those without will be examined across all years of
observation. Trends over time will be described in 5-year intervals (1995-1999, 2000-2004,
2005-2009, 2010-2014) and analyzed using Poisson regression over years. Trends in the
prevalence of cardiovascular risk factors in patients with SMuRFs will be also be plotted.
Among patients with MI, the relative probabilities of patients with SMuRFs vs those without
receiving guideline-directed AMI medications (aspirin, other antiplatelets, beta blockers, and
lipid-lowering medications) or undergoing invasive procedures (angiography and
revascularization) will be compared in 5-year intervals and in the aggregate. Associations will be
derived from multivariable logistic regression, with odds ratios and 95% confidence intervals
(CI). Models will be adjusted for race, geographic region, and year of admission. One-year all-
cause mortality will be compared between patients with at least one SMuRF and those without
using multivariable Cox regression, adjusted for race, geographic location, and year of
admission. We will perform several sensitivity analyses. First, we will also stratify our
multivariable logistic regression and Cox regression models by race. Second, we will
additionally adjust these models for other comorbidities and complications (diabetes mellitus,
acute heart failure / pulmonary edema, ventricular fibrillation, cardiac arrest, and cardiogenic




shock). Statistical tests and models will be weighted by the inverse of the sampling probability.
All statistical analyses will be carried out using SAS 9.4 (SAS Institute; Cary, NC).

Tables and Figures

Table 1: Baseline clinical and demographic characteristics of patients with and without
SMuRFs in patients with myocardial infarction.

Overall SMuRF-less >1 SMuRF

Admission characteristics
Age

Sex

Male

Female

Race

Black

White

SMuRF

DM

HTN
Hypercholesterolemia
Smoking

BMI

Smoking Status
Never/Former smoker
Current smoker

Medical history

Stroke

Peripheral arterial disease
Atrial fibrillation

Heart failure Hospitalization
Prior revascularization
Prior myocardial infarction
COPD

Chronic Kidney disease
Cancer

Prehospital
pharmacotherapy

Statin

Aspirin

P2Y 12 inhibitor
B-blocker



ACEIls or ARBs
Laboratory variables
Creatinine

Total cholesterol
Triglycerides

HDL cholesterol

LDL cholesterol
HbA1C

Glucose

CRP

Table 2: Presentation characteristics and in-hospital outcomes and management patterns in
patients with M1 stratified by SMuRF.

Overall SMuRF-less >1 SMuRF
Systolic blood pressure
Diastolic blood pressure
Heart rate
Cardiac arrest at presentation

Multivessel coronary artery
disease
Troponin T

Troponin |

Left ventricular function grade
EF >50%

EF 40-49%

EF 30-39%

EF <30%

STEMI location

Anterior

Inferior

Lateral

Multiple

In-hospital management
Thrombolysis

PCI within 24 hours
CABG within 24 hours
In-hospital complications
All-cause death

In-hospital MACE



myocardial infarction

Acute heart failure
Pulmonary edema

stroke

Major bleeding

Cardiogenic shock
Ventricular fibrillation/cardiac
arrest

Length of stay, days, median
Discharge medications
Statin

Aspirin

P2Y12 inhibitor

B-blocker

ACEIs or ARBs

Table 3: Prevalence and temporal trends in cardiovascular risk factors among patients
with SMuRFs presenting with acute myocardial infarction from 1995-2014.

1995-1999 2000-2004 2005-2009 2010-2014 | Trend P
value

SMuRFs

Smoking

Hypertension

DM
Hypercholesterolemia

Prior Ml

Table 4: Relative probabilities of guideline-directed therapies, comparing patients with and
without SMuRFs presenting with MI.

SMuRFs vs SMuURF-less relative probability
1995-1999 2000-2004 2005-2009 2010-2014 | Trend P
value

Aspirin

Non aspirin
antiplatelet
Lipid lowering
agent

Beta blocker
Invasive
angiography




Coronary
Revascularization

Figure 1: Temporal trends in the incidence of MI in patients with and without SMuRFs
among residents of the ARIC communities from 1995-2014.

Figure 2: Temporal trends in incidence of MI based on >1, 2 or 3 SMuRFs.

Figure 3: Prevalence and temporal trends in cardiovascular risk factors among patients
with and without SMuRFs presenting with M1 from 1995-2014.

Figure 4: Annual trends in administration of guideline-directed therapies in patients with
and without SMuRFs presenting with M1 from 1995-2014.

Figure 5: Relative probabilities of patients with and without SMuRFs receiving guideline-
directed therapies for MI from 1995-2014.

Figure 6: Forest plot depicting hazard ratios for primary and secondary outcomes between
patients with and without SMuRFs (both 30 days and | year outcomes):
1. All-cause mortality

Cardiovascular mortality
Recurrent myocardial infarction
Heart failure

Stroke

Revascularization

Major bleeding

MACE
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Figure 7: Kaplan Meier survival curve for all-cause mortality and cardiovascular mortality
between patients with and without SMuRFs.
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