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3. Timeline:  Manuscript to be completed within 4 months of proposal approval. 
 
 
4. Rationale:  
 
Over 34 million people in the U.S. (~10% of the U.S. population) are reported to have diabetes 
mellitus (DM).1 Despite significant therapeutic advancements in the management of diabetes and 
its associated complications, acute myocardial infarction continues to be a major cause of 
morbidity and mortality in diabetic patients. In fact, prior studies have shown that diabetes 
mellitus is independently associated with a 2-4-fold increased risk of cardiovascular events and a 
3-fold increased risk of cardiovascular mortality.2,3 Factors unique to diabetes increase 
atherosclerotic plaque formation and thrombosis, predisposing patients to myocardial infarction. 
Autonomic neuropathy may result in atypical presenting symptoms in the diabetic patient, 
making diagnosis difficult and delaying treatment with evidence-based practice. The clinical 
course of myocardial infarction is frequently complicated and carries a higher mortality rate in 
patients with coexisting DM.4 A large proportion of this increased mortality is attributable to the 
clustering of traditional risk factors such as obesity, hypertension, and dyslipidemia in patients 
with DM,5 as well as unique manifestations of DM such as multi-vessel coronary artery disease 
and diffuse lesions.  
 
Previous reports from the 2004-2014 Nationwide Inpatient Database suggest worsening acuity of 
patients hospitalized with AMI in recent years, and a steadily increased prevalence of DM.6 This 
analysis was limited, however, to patients with ST-segment elevation myocardial infarction 
(STEMI) who were referred to cardiac catheterization, and did not specifically focus on DM-
specific outcomes. Prior ARIC investigations have assessed the association of diabetes with one-
year mortality in patients hospitalized with AMI. In the ARIC CHD community surveillance 
population of 13,068 weighted hospitalizations for AMI between 1987-1997, ~25% had diabetes. 
Age-adjusted gender- and race-specific odds ratios (OR) for 1-year case fatality comparing 
patients with vs. without DM were 2.0 (95% CI, 1.6–2.4) for white men and 1.4 (95% CI, 1.1–
1.8) for white women. This analysis did not find a significantly increased risk amongst African-
American patients.7 However, the ARIC study has since accrued 17 years of community 
surveillance data (1998-2014), during which time the sample size of African American patients 
hospitalized with AMI has increased. Also of note, in 1997 the American Diabetes Association 
changed the recommended guidelines for definition of DM, by decreasing fasting glucose levels 
from 140 mg/dL to 126 mg/dL.8 We propose to conduct a contemporary analysis of DM in 
patients who are hospitalized with AMI (both STEMI and non ST-segment elevation myocardial 
infarction [NSTEMI])from 2000-2014, examining temporal trends in clinical presentation, 
management, and outcomes, both overall and among demographic subgroups.  
 
5. Main Hypothesis/Study Questions: 
 
1. What is the prevalence of DM among patients hospitalized with AMI? 

• Has the prevalence of DM among AMI hospitalizations changed over time? 
• Do prevalence and temporal trends differ by demographic subgroups? 
• Do prevalence and temporal trends differ by type of MI (STEMI vs NSTEMI)? 
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2. Do the presenting features of patients admitted with AMI differ for patients with and without 
DM?  

• Are patients with vs. without DM who have an AMI sicker on admission? (we will assess 
this by deriving the GRACE and TIMI risk scores). Do GRACE / TIMI risk scores differ 
over time or by demographic subgroups for patients with vs. without DM who are 
hospitalized for AMI? 

• Are there differences in acuity of presentation (ie, onset of acute pulmonary edema / 
congestive heart failure, cardiogenic shock, ventricular fibrillation / cardiac arrest / 
asystole) for patients with vs. without DM? Does clinical acuity differ over time or by 
demographic subgroups for patients with vs. without DM?  

• Are there differences in the presentation of acute chest pain / acute cardiac symptoms for 
patients with vs. without DM? Do presenting symptoms differ over time or by 
demographic subgroups for patients with vs. without DM who are hospitalized for AMI? 

• Are there differences in the mode of arrival (by EMS vs not EMS) for patients with vs. 
without DM? Does mode of arrival differ over time or by demographic subgroups for 
patients with vs. without DM who are hospitalized for AMI? 

• Are there differences in prevalent risk factors (ie, smoking, kidney function [derived from 
serum creatinine and CKD-Epi formula], stroke, hypertension) for patients with vs. 
without DM? Does the prevalence of risk factors differ over time or by demographic 
subgroups for patients with vs. without DM who are hospitalized for AMI?  

• As a sensitivity analysis, do presenting features differ for patients with vs. without DM 
by type of AMI (NSTEMI vs. STEMI)?  
 

 
3. Does clinical management differ for patients hospitalized with AMI with and without DM?  

• Are there differences in utilization of evidence based therapies (ie, aspirin, antiplatelets, 
ACEi, lipid lowering medications, invasive angiography, percutaneous and surgical 
revascularization) for patients with vs. without DM? Does utilization of therapies differ 
over time or by demographic subgroups for patients with vs. without DM? 

• As a sensitivity analysis, does clinical management differ for patients with vs. without 
DM by type of AMI (NSTEMI vs. STEMI)? 

 
 
4. Do mortality outcomes differ for patients hospitalized with AMI with and without DM? 

• Are there differences in short-term (30-day) and long term (1-year) mortality for patients 
with vs. without DM? Does mortality differ over time or by demographic subgroups for 
patients with vs. without DM? 

• As a sensitivity analysis, do clinical course and mortality outcomes differ for patients 
with vs. without DM by type of AMI (NSTEMI vs. STEMI)? 

 
 
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: 
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Patients hospitalized with AMI captured by the ARIC community surveillance between 1987-
2014.   
 
Exposure: 
Patients hospitalized with classification of definite / probable AMI, with and without DM. As a 
sensitivity analysis we will also consider, ICD-9 discharge codes for AMI   
 
Outcomes:  

• Prevalence and trends in demographics, presenting features (acute pulmonary edema / 
congestive heart failure, cardiogenic shock, ventricular fibrillation / cardiac arrest / 
asystole), management, and outcomes of patients admitted with AMI stratified by 
presence of DM. 

• Death within 30-days and 1-year of the index hospitalization discharge date. 
• 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 I00-I99. 
 

Exclusion Criteria 
Because we are examining trends over time, we will exclude patients 75–85 years of age as this 
age group was only sampled between years 2005 to 2014. 
 
Subgroup-Analysis: 
 
We will perform a subgroup analysis comparing all-cause mortality in patients with vs without 
diabetes across the following subgroups: 
 

• Age (<60 years & ≥60 years) 
• Sex 
• Race 
• Prior history of heart failure 
• Prior history of CKD 
• Aspirin use 
• Lipid lowering therapy use 

 
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 
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Laboratory values for biomarkers of cardiac injury will be obtained from values that were 
recorded for the first 3 days of hospitalization.  
 
Medical Therapies 
Medications were abstracted if administered either during hospitalization or prescribed at 
hospital discharge. Aspirin abstraction required routine rather than pro re nata administration. 
Non-aspirin antiplatelet therapy was abstracted as a single category and included 
P2Y12 inhibitors (cangrelor, clopidogrel, prasugrel, ticagrelor, ticlopidine), glycoprotein IIb/IIIa 
inhibitors (abciximab, eptifibatide, tirofiban), phosphodiesterase 3 inhibitors (cilostazol), 
phosphodiesterase 5 inhibitors (dipyridamole), and protease-activated receptor-1 antagonists 
(vorapaxar). Beta blocker abstracted included β1 adrenergic antagonists. Angiotensin-converting 
enzyme inhibitors and angiotensin II receptor blockers (ACEi/ARB) were abstracted 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 
All statistical analyses will be carried out using SAS 9.4 (SAS Institute; Cary, NC). Statistical 
tests and models will be weighted by the inverse of the sampling probability and will account for 
the stratified sampling design. 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 Rao-Scott χ2 tests.  
 
Overall and subgroup-specific temporal trends in variables of interest (demographics, presenting 
features, management, and outcome variables) for patients with DM vs. those without DM will 
be visually plotted. Significance of trends will be analyzed by the Cochran-Armitage test for 
trend, using logistic regression (PROC surveylogistic) with year of admission regressed as an 
ordinal variable.  
 
Overall and subgroup-specific relative probabilities of patients with vs. without DM receiving 
guideline-directed AMI medications (aspirin, other antiplatelets, beta blockers, and lipid-
lowering medications) or undergoing invasive procedures (angiography and revascularization) 
will be derived from multivariable logistic regression, with odds ratios converted into relative 
risks (RR) and 95% confidence intervals (CI). Models will be adjusted for demographics, 
geographic region, and year of admission. As sensitivity analyses, we will also construct models 
stratified by demographic subgroups and by AMI type, and additionally adjust for acuity (acute 
heart failure / pulmonary edema, ventricular fibrillation, cardiac arrest, and cardiogenic shock; or 
alternatively, GRACE risk score).  
 



6 
 

Overall and subgroup-specific 30-day and 1-year all-cause mortality will be compared between 
patients with and without DM using multivariable logistic and Cox regression, respectively, 
adjusted for demographics, geographic location, and year of admission. 
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11.a. Is this manuscript proposal associated with any ARIC ancillary studies or use any 
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manuscript is not submitted for ARIC review at the end of the 3-years from the date of the 
approval, the manuscript proposal will expire. 
 
12b. The NIH instituted a Public Access Policy in April, 2008 which ensures that the public 
has access to the published results of NIH funded research.  It is your responsibility to upload 
manuscripts to PubMed Central whenever the journal does not and be in compliance with this 
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