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Abstract

Importance—The Universal Definition of Myocardial Infarction divides myocardial infarctions 

into different types. Type 1 myocardial infarctions result spontaneously from atherosclerotic 

plaque instability, whereas Type 2 myocardial infarctions occur in the setting of oxygen demand/

supply mismatch such as with severe hypotension. Type 2 myocardial infarctions are uncommon 

in the general population but the frequency of Type 2 myocardial infarctions in HIV-infected 

individuals is unknown.

Objective—To characterize myocardial infarctions including type; identify causes for Type 2 

myocardial infarctions, and compare demographic and clinical characteristics among HIV-infected 

individuals with Type 1 vs. Type 2 myocardial infarctions.

Setting/Design—Longitudinal HIV clinical care cohort at 6 U.S. sites.
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Events—Potential myocardial infarctions from 1996–2014 were identified in the centralized data 

repository using diagnoses and cardiac biomarkers. Sites assembled de-identified packets 

including physician notes, ECGs, procedure and clinical laboratory results. Two physician experts 

adjudicated each event, categorizing each definite/probable myocardial infarction as a Type 1 or 

Type 2 myocardial infarction, and identifying Type 2 myocardial infarction causes.

Results—Among 571 definite/probable myocardial infarctions, 288 (50%) were Type 2; sepsis 

and recent cocaine/crack use were the most common causes (35% and 14% of Type 2 myocardial 

infarctions, respectively). Individuals with Type 2 myocardial infarctions were younger on average 

and had lower CD4 cell counts, lipid levels, and Framingham risk scores than those with Type 1 

myocardial infarctions.

Limitations—Missing events or ascertainment bias is always a concern although we used both 

diagnoses and biomarkers to minimize this as much as possible. In addition, although we used a 

standardized approach with multiple expert adjudicators, distinguishing MI type with certainty can 

be difficult and there may be some misclassification of type.

Conclusions/Relevance—Approximately half of myocardial infarctions among HIV-infected 

individuals were Type 2. Type 2 myocardial infarctions were caused by heterogeneous clinical 

conditions including sepsis and cocaine/crack use. Demographic characteristics and cardiovascular 

risk factors among those with Type 1 and Type 2 myocardial infarctions differed, suggesting the 

need to specifically consider type among HIV-infected individuals to further understand 

myocardial infarction outcomes and to guide prevention and treatment.

Introduction

There are many unanswered questions regarding the risk of cardiovascular disease (CVD) 

including myocardial infarction (MI) in HIV-infected individuals. Studies have suggested 

that MI rates may be higher in HIV-infected vs. uninfected individuals1–4. HIV may impact 

lipid levels and endothelial function, leading to increased CVD risk5–7. Antiretroviral 

therapy (ART) has reduced HIV-related morbidity and mortality8–11 but some, particularly 

older ART agents, may increase CVD risk12–15. Many previous studies have used 

unadjudicated MI outcomes and have not differentiated MI types. These limitations may 

have contributed to conflicting findings regarding CVD risk in HIV-infected 

populations1,16,17.

The Universal Definition of MI classifies MI into 5 types according to the underlying 

mechanism of myocardial ischemia18. Type 1 MI events (T1MI) result spontaneously from 

atherosclerotic plaque instability. Type 2 MI events (T2MI) are secondary to causes other 

than atherosclerotic plaque rupture, including hypotension, hypoxia, and stimulant induced 

spasm resulting in increased oxygen demand or decreased supply. Type 3 MIs are deaths 

occurring with symptoms suggestive of MI and cardiac biomarkers were not measured. Type 

4 and 5 MIs occur in the setting of coronary revascularization procedures. Different MI 

types may portend a different prognosis and optimal medical management approach19.

Studies are needed to understand the impact of HIV and its treatment on the frequency of MI 

and MI types. Understanding MI types will require clearly defined clinical endpoints with 

accurate event identification and categorization. We developed an MI adjudication protocol 
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in the Centers for AIDS Research Network of Integrated Clinical Systems (CNICS) 

cohort20. We conducted this study to characterize MIs by type in a large and diverse cohort 

of HIV-infected individuals. We were interested in whether demographic and clinical 

characteristics including CVD risk factors would be similar for HIV-infected individuals 

with T1MI and T2MI. While estimates of T2MI incidence vary in the general population, 

T2MIs account for a minority of MIs21–28. We hypothesized that T2MIs in HIV may be 

common and would have distinct demographic and clinical characteristics including CVD 

risk factors compared with those with T1MI. If confirmed, these hypotheses would lend 

support to the idea that T1MI and T2MI are distinct clinical entities that represent different 

biological phenomena and should be treated as such among those with HIV.

Methods

Study cohort

The CNICS cohort includes HIV-infected individuals receiving care at 8 clinical sites across 

the United States29. Individuals who had an incident MI between 1/1/1996, and 3/1/2014 

from 6 sites (Johns Hopkins University; University of Alabama at Birmingham; University 

of California at San Diego; University of California at San Francisco; University of North 

Carolina at Chapel Hill; and University of Washington) were included in analyses. Sites 

received institutional review board approval for CNICS and written informed consent was 

obtained from participants.

Data Source

The CNICS data repository integrates comprehensive clinical data from all outpatient and 

inpatient encounters29. These data include laboratory test results such as cardiac biomarkers 

and lipid values; medications such as those used for diabetes, dyslipidemia, and 

hypertension; blood pressure values; and diagnoses29.

MI events

Potential MIs were identified retrospectively in the CNICS data repository by the presence 

of a clinical MI diagnosis or coronary intervention such as coronary artery bypass graft 

(CABG) or elevated troponin or CK-MB values20. For each potential MI, the site assembled 

de-identified packets that included available physician notes, ECGs, results from imaging 

studies, and laboratory results. These packets enabled adjudicators to review primary clinical 

data, eliminating errors that could potentially arise from local completion of case report 

forms. The names of antiretroviral medications were redacted to eliminate the possibility 

that knowledge of specific medications would influence evaluations of the potential MI. Two 

expert physician adjudicators independently reviewed each packet, followed by a 3rd 

reviewer if needed to resolve discrepancies. Reviewers considered ECGs, cardiac biomarker 

values, documented chest pain without another suggested cause, and wall motion 

abnormalities if imaging such as ventriculogram results were available. ECG criteria 

included the presence of evolving Q-waves, ST-elevations, and new left bundle branch block 

(LBBB) with different algorithms in the setting or absence of chest pain and cardiac 

biomarker elevations to determine Definite, Probable, or No MI. For example, a new LBBB 

would be classified as a Definite vs. Probable MI based on abnormal vs. equivocal cardiac 
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biomarkers. Reviewers entered standardized data into a web application regarding all MI 

criteria met including type of ECG abnormalities. Reviewers entered additional risk factor 

information including family history of CVD that was not already in the CNICS data 

repository.

Reviewers identified events that were likely falsely positive rather than true MIs. They 

identified specific potential reasons for false positive results such as isolated cardiac 

biomarker elevations without other evidence for MI in the setting of renal failure or 

pericarditis.

Reviewers categorized events as T1MI or T2MI, and identified potential causes for T2MI 

based on the clinical scenario such as an MI occurring while septic20. Patients with type 3 

MI were not included because by definition, cardiac biomarkers are unavailable. There were 

only 3 MIs that occurred in the setting of cardiac procedures, so Type 4 and 5 MIs are not 

further described. Reviewers also identified patients who did not meet criteria for an MI but 

had a coronary intervention including CABG surgery, percutaneous transluminal coronary 

angioplasty (PTCA), or stent placement. If an individual had both an MI and a coronary 

intervention as part of their incident event, the event was categorized by MI type. Only an 

individual’s first MI was included.

Statistical Analysis

We used Chi-squared and t-tests for categorical and continuous variables to assess 

differences in demographic and clinical characteristics among individuals with T1MI or 

cardiac intervention versus T2MI. We considered age, sex, self-reported race/ethnicity and 

risk factor for HIV transmission, body mass index (BMI) closest to the MI, CD4 cell count 

and HIV-1 viral load (VL) closest to the MI, and CD4 nadir and peak HIV VL. We 

considered the most recent lipid values prior to the MI including total cholesterol (TC), high 

density lipoprotein cholesterol (HDL), non-high density lipoprotein cholesterol (non-HDL), 

low density lipoprotein cholesterol (LDL), and triglycerides. We also considered statin and 

anti-hypertensive medication use. As in prior studies30, we defined diabetes based on any of 

the following criteria prior to the MI: a) hemoglobin A1c ≥6.5 OR b) use of a diabetes-

specific medication such as insulin OR c) use of a diabetes-related medication frequently but 

not exclusively used to treat diabetes (e.g. biguanides) in the setting of also having a diabetes 

diagnosis30. A diabetes diagnosis alone did not meet the definition. We computed and 

compared 10-year coronary heart disease (CHD) risk scores from the Framingham Risk 

Assessment Tool31 using mean and categorical scores (≤10 low risk, 10–20 intermediate 

risk, and ≥20 high risk). We examined smoking status.

We also conducted a sensitivity analysis comparing those with T1MI with individuals who 

had a coronary intervention without an MI.

Results

Of 26,909 HIV-infected patients evaluated during the ascertainment period, 1689 met 

ascertainment criteria for a potential MI at least once. Among these, 571 (28% of 2037) 

events were adjudicated as an MI, of which 65% (370/571) were classified as Definite MI, 
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and 35% (201/571) as Probable MI. Among the definite/probable MIs, 50% were T1MI and 

50% T2MI. An additional 79 (4%) events did not meet MI criteria, but patients had severe 

enough atherosclerotic disease that they underwent a coronary intervention such as a CABG. 

Among those with an adjudicated MI, 77% were men, and the median age was 49 

(interquartile range IQR 43–55), and the current median CD4 cell count was 326 cells/mm3 

(IQR 136–571). The current CD4 count was drawn a median of 47 days before the MI (IQR 

15–108 days).

A higher proportion with a T2MI were under 40 years of age, female, African-American, not 

on ART, and their HIV transmission risk factor was intravenous drug use compared with 

those with a TIMI (Table 1).

A higher proportion of those with a T2MI also had a low CD4 count and high HIV VL 

compared with those with a T1MI (Table 1) with a median current CD4 cell count of 230 

cells/mm3 vs. 383 cells/mm3 for those with a T1MI.

Diabetes and hypertension were equally prevalent among those with T1MI vs. T2MI (Table 

2). However, a higher proportion of individuals with a T1MI were receiving a statin prior to 

the event and had higher mean TC, non-HDL, and LDL levels compared with those who had 

a T2MI. Individuals with a T1MI were also more likely to be current smokers. Those with a 

T1MI had a higher mean 10-year Framingham CHD risk score than those with a T2MI 

(Table 2). Intermediate Framingham risk scores were present in 21% of those with T1MI vs. 

16% with T2MI, and high-risk scores were present in 12% of T1MI vs. 8% of T2MI (p 

value=0.047).

Sepsis (35%), cocaine or other drug-induced vasospasm (14%) and hypertensive emergency 

(10%) were the most frequently identified likely causes of T2MI (Table 3). A diverse array 

of clinical conditions were identified for the remaining T2MIs.

Compared with patients with a T1MI, those with a coronary intervention without meeting 

MI criteria were more likely to be male, had a lower VL, and a higher 10-year Framingham 

CHD risk score but did not differ on other HIV-specific or CVD risk factors from those with 

a T1MI (eTables 1–2).

Discussion

We examined MI types in a large, nationally distributed HIV cohort. T2MIs were common, 

comprising half of MIs. We identified characteristics that differed between individuals with 

T1MI and T2MI. On average, individuals who had a T2MI were younger, had a lower CD4 

count and higher VL, and fewer traditional CVD risk factors including less dyslipidemia, 

lower current smoking rates, and lower CHD risk scores. Individuals with a T2MI were 

significantly different from those with T1MI with regard to demographic and clinical 

characteristics, particularly CVD risk factors. Our results suggest that in HIV-infected 

individuals, T1MI and T2MI may represent distinct clinical entities that require different 

approaches to prevention and treatment, as noted in the general population19. This study is 

the first to report a high proportion of T2MI occurring among HIV-infected individuals.
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T1MI vs. T2MI in HIV-infected vs. other populations

Distinguishing T1MI from T2MI has been recommended since 2007 by the second 

Universal Definition of MI18 and endorsed by major cardiology societies32 but can be 

challenging19. Categorization of MI by type has increased over time, but the International 

Classification of Diseases (ICD) coding system lacks distinct categories for T2MI32 likely 

limiting capture in clinical settings. However, non-specific ICD-9 411.89 and ICD-10 I24.8 

codes “other acute and subacute forms of ischemic heart disease” have been used for this 

purpose33. Lack of data on MI type has been attributed to the relatively recent introduction 

of the Universal Definition of MI, presumed under-reporting of T2MI, and lack of 

consistency in T2MI criteria32.

Despite these limitations, studies have found that T2MI are much less common than T1MI 

in most populations consisting of <2–26% of MIs, depending on adjudication methodology 

and population22–28, usually <10% of all MIs23–28. In a Danish study of hospitalized 

patients, there were 541 MIs of which 26% were T2MI22. In contrast, the proportion of 

T2MI in our HIV population was almost twice as high as the Danish study. This may be due 

to an increased likelihood of bacteremia and infections resulting in sepsis and increased 

prevalence of cocaine use in those with HIV. In addition, the Danish study did not exclude 

individuals with prior MI: 27% in the Danish study with T2MI had a history of a prior MI, 

17% prior PCI, and 10% prior CABG. In contrast, we focused on initial events. While more 

data are needed, our findings suggest that the proportion of T2MI among HIV-infected 

individuals is higher than in many other populations. These differences have important 

clinical implications19. Prevention and treatment of atherosclerotic CVD, including statin 

use, anti-platelet agents, and coronary procedures have been studied and disseminated in 

T1MI guidelines however optimal management and prevention of T2MIs is unclear.

Causes of T2MI

We found that almost half of T2MIs were in the setting of sepsis or illicit drug-induced 

vasospasm, most often cocaine. Cocaine increases myocardial oxygen demand by increasing 

blood pressure, heart rate, and myocardial contractility and can also decrease myocardial 

blood supply by inducing coronary vasoconstriction34. Factors that lead to T2MI have not 

been well characterized in the general population. The most common presumed T2MI 

causes in the Danish study were anemia, arrhythmias, and respiratory failure22. A New York 

study found surgery, anemia, and sepsis were common33. Arrhythmias were also a common 

presumed T2MI cause in several general population studies21,28,35. In contrast, we found 

sepsis and cocaine use were common with T2MI. These results suggest that HIV-infected 

individuals have a very different set of presumed T2MI causes than the general 

population21,28,35.

T1MI vs. T2MI

We found substantial differences in demographic and clinical characteristics among HIV-

infected individuals who experienced a T1MI vs. T2MI. Higher proportions with a T2MI 

were younger, female, and had poorer control of their HIV infection as measured by current 

CD4 and VL. This contrasts with HIV-uninfected population studies in which patients with 

T2MI were older than those with T1MI21,28. In the general population, people with T2MI 
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tend to be seriously ill. We similarly found that those with a T2MI tended to be sicker in 

terms of HIV status than those with a T1MI.

Adjudication

Central adjudication is preferable to local adjudication with or without secondary central 

review20. Clinical MI definitions have changed over time36. In particular, events that used to 

be characterized as unstable angina would now be considered an MI. We therefore 

ascertained potential MIs using cardiac biomarkers in addition to diagnoses. While 

diagnoses alone such as from billing data are commonly used for ascertainment, possibly 

with concomitant verification using other data elements4,16,37–40, the sensitivity of this 

approach is not optimal41. We have previously demonstrated that using clinical diagnoses 

alone results in missing substantial numbers of T2MI in particular20. This is not surprising 

since there is no relevant ICD code to document myocardial injury due to severe extra-

cardiac causes such as sepsis32,42. Experts have advocated the development of distinct T2MI 

diagnostic codes19. Studies with cardiac biomarkers in their ascertainment criteria therefore 

likely do a better job capturing T2MIs vs. those that rely on diagnoses alone. It is worth 

noting that the Universal MI Definition has not established what is a significant level of 

hypertension, hypotension, etc. therefore T2MI must rely on clinical judgment21.

Strengths

CNICS is large and geographically and ethnically diverse with comprehensive clinical data. 

We ascertained for potential events using both abnormal cardiac biomarkers and clinical 

diagnoses in order to increase the sensitivity of ascertainment and more fully capture the MI 

burden in HIV. However, this may make comparing rates of T2MI to other cohorts with a 

less sensitive approach challenging. Adjudication facilitates capturing MI type and potential 

causes of T2MI.

Limitations

Our study has limitations. Silent T1MI can be missed and T2MI may be missed in critically 

ill people in whom cardiac biomarkers are not assessed. We did not systematically examine 

ECGs to identify silent events, however this approach has been shown to have a low 

detection probability43. Ascertainment may be incomplete for events that occur outside 

CNICS sites although we request medical records. We used troponin assays, however they 

have become more sensitive over time and are not biologically equivalent due to biochemical 

differences in assays and reference populations used to determine upper reference limits44. 

While we categorized MI by type using carefully reviewed clinical data, there is debate 

regarding what criteria should be used to categorize an event as T2MI32 and correctly 

classifying falsely positive events vs. T2MI can be difficult. However, events were reviewed 

independently by two physicians, and resolved by a third reviewer in case of disagreement, 

ensuring consistency in our approach to diagnosis and classification. Cardiac catheterization 

to verify obstructive coronary disease was frequently not done for T1MI and rarely done for 

T2MI. It is therefore unknown whether most of those with T2MI had obstructive disease. 

Lastly, because our study is the first to describe MI types in HIV, the findings have not been 

replicated although the pattern of ~ half T1MI vs. T2MI was seen across the 6 CNICS sites.
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Future studies

T2MI are increasingly recognized in the general population and additional research is 

needed to better define and manage these events45. The importance of applying ECG 

classifications such as ST segment elevation MI (STEMI) vs. non-ST segment elevation MI 

(NSTEMI) to categorizing T2MI is unclear as these classifications are intended to help 

guide clinical reperfusion therapy decisions in T1MI32.

Research is needed to better understand the complex relationship between traditional and 

HIV-specific CVD risk factors, the genetic predisposition to develop MI and the potential 

interactions with ART, and the role of behavioral factors. Further evaluation to understand 

the role of sepsis and risk for T2MI is needed. Such information can guide interventions to 

alter these relationships and improve prognosis, as well as improve risk prediction and risk-

reduction strategies. Differentiating MI type is important clinically as it is likely that optimal 

interventions, such as use of anticoagulation therapy, will differ by type. It is unclear if 

T1MI or T2MI will decrease in the current era now that ART initiation is earlier and with 

potentially less metabolically active regimens. Classification of MI type will result in a 

better understanding of these important outcomes among those with HIV.

Conclusions

Our large cohort study of HIV-infected individuals across the US demonstrates that 

approximately half of MIs are T2MI. Individuals with T2MI were younger and sicker in 

terms of their HIV but with lower Framingham CHD risk scores than those with T1MI 

suggesting these events may be due to different mechanisms among different populations. 

These findings have important implications for studying MIs, understanding the higher MI 

rates and extent MI burden can be reduced by CVD risk factor modification among HIV-

infected individuals, particularly given the unknown role, if any, of atherosclerosis in T2MI. 

Understanding MI types may help clarify unanswered questions regarding risk factors, risk 

scoring, and prognosis. Most importantly, these findings are important clinically, as T1MI 

and T2MI may require different approaches for prevention and treatment in HIV-infected 

individuals.

Acknowledgments

This work was supported by grants from the National Institutes of Health including R01HL126538, 
R561HL126538, R01HL125027, the CNICS grant (R24 AI067039), the UW Center for AIDS Research CFAR 
Grant (AI27757), UNC CFAR grant (AI50410), UAB CFAR grant (AI027767), Johns Hopkins CFAR grant 
(AI094189), and the American Heart Association Grant-in-Aid Grant (09050129G). The funders had no role in 
design and conduct of the study; collection, management, analysis, and interpretation of the data; preparation, 
review, or approval of the manuscript; and decision to submit the manuscript for publication. Dr. Heidi Crane had 
full access to all of the data in the study and takes responsibility for the integrity of the data and the accuracy of the 
data analysis. Ms. Nance and Dr. Delaney conducted the analyses.

Funding sources: This work was supported by grants from the National Institutes of Health including 
R01HL126538, R561HL126538, R01HL125027, the CNICS grant (R24 AI067039), the UW Center for AIDS 
Research CFAR Grant (AI27757), UNC CFAR grant (AI50410), UAB CFAR grant (AI027767), JHU CFAR grant 
(AI094189), and the American Heart Association Grant-in-Aid Grant (09050129G). The funding agreements 
ensured the authors’ independence in designing the study, interpreting the data, writing, and publishing the report.

Crane et al. Page 8

JAMA Cardiol. Author manuscript; available in PMC 2018 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



References

1. Durand M, Sheehy O, Baril JG, Lelorier J, Tremblay CL. Association between HIV infection, 
antiretroviral therapy, and risk of acute myocardial infarction: a cohort and nested case-control 
study using Quebec’s public health insurance database. J Acquir Immune Defic Syndr. 57(3):245–
253.

2. Triant VA, Lee H, Hadigan C, Grinspoon SK. Increased acute myocardial infarction rates and 
cardiovascular risk factors among patients with human immunodeficiency virus disease. J Clin 
Endocrinol Metab. 2007; 92(7):2506–2512. [PubMed: 17456578] 

3. Currier JS, Lundgren JD, Carr A, et al. Epidemiological evidence for cardiovascular disease in HIV-
infected patients and relationship to highly active antiretroviral therapy. Circulation. 2008; 
118(2):e29–35. [PubMed: 18566319] 

4. Freiberg MS, Chang CC, Kuller LH, et al. HIV infection and the risk of acute myocardial infarction. 
JAMA Intern Med. 2013; 173(8):614–622. [PubMed: 23459863] 

5. Mondy K, Tebas P. Cardiovascular risks of antiretroviral therapy. Annu Rev Med. 2007; 58:141–
155. [PubMed: 17217329] 

6. El-Sadr WM, Mullin CM, Carr A, et al. Effects of HIV disease on lipid, glucose and insulin levels: 
results from a large antiretroviral-naive cohort. HIV Med. 2005; 6(2):114–121. [PubMed: 
15807717] 

7. Riddler SA, Smit E, Cole SR, et al. Impact of HIV infection and HAART on serum lipids in men. 
JAMA. 2003; 289(22):2978–2982. [PubMed: 12799406] 

8. Palella FJ Jr, Delaney KM, Moorman AC, et al. Declining morbidity and mortality among patients 
with advanced human immunodeficiency virus infection. HIV Outpatient Study Investigators. N 
Engl J Med. 1998; 338(13):853–860. [PubMed: 9516219] 

9. Murphy EL, Collier AC, Kalish LA, et al. Highly active antiretroviral therapy decreases mortality 
and morbidity in patients with advanced HIV disease. Ann Intern Med. 2001; 135(1):17–26. 
[PubMed: 11434728] 

10. Hogg RS, Heath KV, Yip B, et al. Improved survival among HIV-infected individuals following 
initiation of antiretroviral therapy. JAMA. 1998; 279(6):450–454. [PubMed: 9466638] 

11. Sterne JA, Hernan MA, Ledergerber B, et al. Long-term effectiveness of potent antiretroviral 
therapy in preventing AIDS and death: a prospective cohort study. Lancet. 2005; 366(9483):378–
384.

12. Friis-Moller N, Reiss P, Sabin CA, et al. Class of antiretroviral drugs and the risk of myocardial 
infarction. N Engl J Med. 2007; 356(17):1723–1735. [PubMed: 17460226] 

13. Rhew DC, Bernal M, Aguilar D, Iloeje U, Goetz MB. Association between protease inhibitor use 
and increased cardiovascular risk in patients infected with human immunodeficiency virus: a 
systematic review. Clin Infect Dis. 2003; 37(7):959–972. [PubMed: 13130409] 

14. Friis-Moller N, Sabin CA, Weber R, et al. Combination antiretroviral therapy and the risk of 
myocardial infarction. N Engl J Med. 2003; 349(21):1993–2003. [PubMed: 14627784] 

15. El-Sadr WM, Lundgren JD, Neaton JD, et al. CD4+ count-guided interruption of antiretroviral 
treatment. N Engl J Med. 2006; 355(22):2283–2296. [PubMed: 17135583] 

16. Silverberg MJ, Leyden WA, Xu L, et al. Immunodeficiency and risk of myocardial infarction 
among HIV-positive individuals with access to care. J Acquir Immune Defic Syndr. 2014; 65(2):
160–166. [PubMed: 24442222] 

17. Currier JS, Taylor A, Boyd F, et al. Coronary heart disease in HIV-infected individuals. J Acquir 
Immune Defic Syndr. 2003; 33(4):506–512. [PubMed: 12869840] 

18. Thygesen K, Alpert JS, White HD, et al. Universal definition of myocardial infarction. Circulation. 
2007; 116(22):2634–2653. [PubMed: 17951284] 

19. Shroff GR. Acute myocardial infarction: what’s in a name? Ann Intern Med. 2015; 162(6):448–
449. [PubMed: 25775318] 

20. Crane HM, Heckbert SR, Drozd DR, et al. Lessons learned from the design and implementation of 
myocardial infarction adjudication tailored for HIV clinical cohorts. Am J Epidemiol. 2014; 
179(8):996–1005. [PubMed: 24618065] 

Crane et al. Page 9

JAMA Cardiol. Author manuscript; available in PMC 2018 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



21. Paiva L, Providencia R, Barra S, Dinis P, Faustino AC, Goncalves L. Universal definition of 
myocardial infarction: clinical insights. Cardiology. 2015; 131(1):13–21. [PubMed: 25831989] 

22. Saaby L, Poulsen TS, Hosbond S, et al. Classification of myocardial infarction: frequency and 
features of type 2 myocardial infarction. Am J Med. 2013; 126(9):789–797. [PubMed: 23856021] 

23. Javed U, Aftab W, Ambrose JA, et al. Frequency of elevated troponin I and diagnosis of acute 
myocardial infarction. Am J Cardiol. 2009; 104(1):9–13. [PubMed: 19576313] 

24. Morrow DA, Wiviott SD, White HD, et al. Effect of the novel thienopyridine prasugrel compared 
with clopidogrel on spontaneous and procedural myocardial infarction in the Trial to Assess 
Improvement in Therapeutic Outcomes by Optimizing Platelet Inhibition with Prasugrel-
Thrombolysis in Myocardial Infarction 38: an application of the classification system from the 
universal definition of myocardial infarction. Circulation. 2009; 119(21):2758–2764. [PubMed: 
19451347] 

25. Melberg T, Burman R, Dickstein K. The impact of the 2007 ESC-ACC-AHA-WHF Universal 
definition on the incidence and classification of acute myocardial infarction: a retrospective cohort 
study. International Journal of Cardiology. 2010; 139(3):228–233. [PubMed: 19027971] 

26. Szymanski FM, Karpinski G, Platek AE, et al. Clinical characteristics, aetiology and occurrence of 
type 2 acute myocardial infarction. Kardiologia polska. 2014; 72(4):339–344. [PubMed: 
24142753] 

27. Stein GY, Herscovici G, Korenfeld R, et al. Type-II myocardial infarction–patient characteristics, 
management and outcomes. PLoS One. 2014; 9(1):e84285. [PubMed: 24392121] 

28. Baron T, Hambraeus K, Sundstrom J, et al. Type 2 myocardial infarction in clinical practice. Heart. 
2015; 101(2):101–106. [PubMed: 25331532] 

29. Kitahata MM, Rodriguez B, Haubrich R, et al. Cohort profile: the Centers for AIDS Research 
Network of Integrated Clinical Systems. Int J Epidemiol. 2008; 37(5):948–955. [PubMed: 
18263650] 

30. Crane HM, Kadane JB, Crane PK, Kitahata MM. Diabetes case identification methods applied to 
electronic medical record systems: their use in HIV-infected patients. Curr HIV Res. 2006; 4(1):
97–106. [PubMed: 16454715] 

31. Executive Summary of The Third Report of The National Cholesterol Education Program (NCEP) 
Expert Panel on Detection, Evaluation, And Treatment of High Blood Cholesterol In Adults (Adult 
Treatment Panel III). JAMA. 2001; 285(19):2486–2497. [PubMed: 11368702] 

32. Sandoval Y, Smith SW, Thordsen SE, Apple FS. Supply/demand type 2 myocardial infarction: 
should we be paying more attention? J Am Coll Cardiol. 2014; 63(20):2079–2087. [PubMed: 
24632278] 

33. Smilowitz NR, Weiss MC, Mauricio R, et al. Provoking conditions, management and outcomes of 
type 2 myocardial infarction and myocardial necrosis. Int J Cardiology. 2016; 218:196–201.

34. Maraj S, Figueredo VM, Lynn Morris D. Cocaine and the heart. Clin Cardiol. 33(5):264–269.

35. Sandoval Y, Smith SW, Schulz KM, et al. Diagnosis of type 1 and type 2 myocardial infarction 
using a high-sensitivity cardiac troponin I assay with sex-specific 99th percentiles based on the 
third universal definition of myocardial infarction classification system. Clin Chem. 2015; 61(4):
657–663. [PubMed: 25672334] 

36. White HD. Evolution of the definition of myocardial infarction: what are the implications of a new 
universal definition? Heart. 2008; 94(6):679–684. [PubMed: 18480342] 

37. Althoff KN, McGinnis KA, Wyatt CM, et al. Comparison of risk and age at diagnosis of 
myocardial infarction, end-stage renal disease, and non-AIDS-defining cancer in HIV-infected vs 
uninfected adults. Clin Infect Dis. 2014

38. Pearce D, Ani C, Espinosa-Silva Y, et al. Comparison of in-hospital mortality from acute 
myocardial infarction in HIV sero-positive versus sero-negative individuals. Am J Cardiol. 2012; 
110(8):1078–1084. [PubMed: 22762716] 

39. Durand M, Sheehy O, Baril JG, Lelorier J, Tremblay CL. Association between HIV infection, 
antiretroviral therapy, and risk of acute myocardial infarction: a cohort and nested case-control 
study using Quebec’s public health insurance database. J Acquir Immune Defic Syndr. 2011; 
57(3):245–253. [PubMed: 21499115] 

Crane et al. Page 10

JAMA Cardiol. Author manuscript; available in PMC 2018 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



40. Triant VA, Regan S, Lee H, Sax PE, Meigs JB, Grinspoon SK. Association of immunologic and 
virologic factors with myocardial infarction rates in a US healthcare system. J Acquir Immune 
Defic Syndr. 2010; 55(5):615–619. [PubMed: 20827215] 

41. Brouwer E, Napravnik S, Eron JJ, et al. Validation of Medicaid claims-based diagnosis of 
myocardial infarction using an HIV clinical cohort. Med Care. 2014

42. Pierpont GL, McFalls EO. Interpreting troponin elevations: do we need multiple diagnoses? Eur 
Heart J. 2009; 30(2):135–138. [PubMed: 19043078] 

43. Klein BE, Klein R, McBride PE, Reinke JO, Knudtson MD. Medical records as sources of data on 
cardiovascular disease events in persons with diabetes. J Diabetes Complications. 2006; 20(4):
224–227. [PubMed: 16798473] 

44. Chaitman BR. Is the 99th Percentile the optimal reference limit to diagnose myocardial infarction 
with high sensitivity cardiac troponin assays in patients with chronic kidney disease? Circulation. 
2015

45. Sandoval Y, Smith SW, Apple FS. Type 2 myocardial infarction: the next frontier. Am J Med. 
2014; 127(6):e19.

Crane et al. Page 11

JAMA Cardiol. Author manuscript; available in PMC 2018 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Crane et al. Page 12

Table 1

Clinical and demographic characteristics of HIV-infected individuals with T1MI vs. T2MI

Characteristic T1MI*
N=362
N (%)

T2MI
N=288
N (%)

P-value

Sex 0.006

Male 293 (81) 207 (72)

Female 69 (19) 81 (28)

Age, years 0.01

<40 32 (9) 47 (16)

40–49 152 (42) 106 (37)

50–59 125 (35) 99 (34)

60–69 43 (12) 22 (8)

≥70 10 (3) 14 (5)

Race/Ethnicity <0.001

White 171 (47) 65 (23)

African-American 156 (43) 202 (70)

Hispanic 19 (5) 14 (5)

Other/unknown 16 (4) 7 (2)

HIV Transmission Risk Factor <0.001

Heterosexual 101 (28) 93 (32)

Men who have sex with men 166 (46) 75 (26)

Injection drug use 78 (22) 107 (37)

Other/unknown 17 (5) 13 (5)

Antiretroviral therapy <0.001

Yes 271 (75) 154 (53)

No 91 (25) 134 (47)

CD4 count closest to event (cells/μl) <0.001

0–200 94 (26) 128 (44)

201–350 72 (20) 57 (20)

>350 195 (54) 103 (36)

CD4 cell count nadir (cells/μl) 0.02

0–200 212 (59) 199 (69)

201–350 79 (22) 48 (17)

>350 70 (19) 41 (14)
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Characteristic T1MI*
N=362
N (%)

T2MI
N=288
N (%)

P-value

HIV-1 RNA closest to event <0.001

<400 217 (60) 127 (44)

400–10,000 47 (13) 49 (17)

10,000–100,000 63 (17) 59 (20)

>100,000 34 (9) 53 (18)

HIV-1 RNA, peak 0.02

<400 43 (12) 20 (7)

400–10,000 35 (10) 31 (11)

10,000–100,000 112 (31) 70 (24)

>100,000 171 (47) 167 (58)

*
T1MI also includes patients with coronary interventions

One patient was missing CD4 and VL data prior to the MI and was excluded from those rows
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Table 2

Cardiovascular disease risk factors among HIV-infected individuals with MI by MI type (T1MI vs. T2MI)

Characteristic T1MI*
N=362
N (%)

T2MI
N=288
N (%)

P-value

Diabetes (N, %) 0.5

No 286 (79) 221 (77)

Yes 76 (21) 67 (23)

Blood pressure mean (mean, SD) 0.3

Systolic (mmHg) 132 (23) 130 (24)

Anti-hypertensive medication (N, %) 0.6

No 164 (45) 124 (43)

Yes 198 (55) 164 (57)

Lipid Levels mean (mean, SD)

HDL (mg/dL) 40 (15) 42 (19) 0.2

LDL (mg/dL) 108 (43) 87 (40) <0.001

Non-HDL (mg/dL) 149 (52) 125 (60) <0.001

Total Cholesterol (mg/dL) 190 (54) 167 (63) <0.001

Triglycerides (mg/dL) 227 (182) 208 (272) 0.4

Statin use (N, %) <0.001

No 244 (67) 232 (81)

Yes 118 (33) 56 (19)

Smoking (N, %) 0.005

No 125 (35) 136 (47)

Former 56 (15) 36 (13)

Current 181 (50) 116 (40)

Body mass index (mean, SD)

BMI (kg/m2) 26 (5) 24 (6) 0.001

Risk Score (mean, SD) <0.001

Framingham CHD (% 10 year event risk) 10 (8) 8 (7)

*
T1MI also include cardiac interventions such as coronary artery bypass graft (CABG) surgery

HDL: high density lipoprotein cholesterol; LDL: low density lipoprotein cholesterol; non-HDL; non-high density lipoprotein cholesterol
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Table 3

Most likely causes for Type 2 MI among HIV-infected individuals

Cause Number, %

Sepsis/bacteremia 100, 35

Cocaine or other illicit drug induced 39, 14

Hypertensive urgency/emergency 28, 10

Respiratory failure 26, 9

Non-coronary cardiac* 23, 8

Other/unknown 16, 6

Hypotension** 15, 5

Procedure related*** 12, 4

GI bleed 11, 4

Neurologic 6, 2

Overdose 5, 2

Anemia 4, 1

Rhabdomyolysis 3, 1

*
Non-coronary cardiac causes include non-atherosclerotic causes such as related to a congestive heart failure and cardiac tumor

**
Hypotension not due to sepsis, GI bleed, overdose or other listed causes

***
These are not cardiac procedures (which typically get classified as a Type 4 MI), instead these are events that occur in the setting of surgeries 

such as abdominal surgery and lower extremity amputation
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