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Prevalence, Predictors, and Outcomes of 
Type 2 NSTEMI in Hospitalized Patients 
With COVID-19
Sahishnu Patel , DO; Alexis Visotcky, MS; Adam Devine , MD; Vishwajit Kode , MD; Srisha Kotlo , MD; 
Michael Aljadah , MD; Rodney Sparapani , PhD; Jacquelyn Kulinski , MD

BACKGROUND: Data on the incidence of type 2 non–ST-segment–elevation myocardial infarction (T2MI) in hospitalized patients 
with COVID-19 has been limited to single-center studies. Given that certain characteristics, such as obesity and type 2 diabe-
tes, have been associated with higher mortality in COVID-19 infections, we aimed to define the incidence of T2MI in a national 
cohort and identify pre-hospital patient characteristics associated with T2MI in hospitalized patients with COVID-19.

METHODS AND RESULTS: Using the national American Heart Association COVID-19 Cardiovascular Disease Quality Improvement 
Registry, we performed a retrospective 4:1 matched (age, sex, race, and body mass index) analysis of controls versus cases 
with T2MI. We performed (1) conditional multivariable logistic regression to identify predictive pre-hospital patient charac-
teristics of T2MI for patients hospitalized with COVID-19 and (2) stratified proportional hazards regression to investigate the 
association of T2MI with morbidity and mortality. From January 2020 through May 2021, there were 709 (2.2%) out of 32 015 
patients with T2MI. Five hundred seventy-nine cases with T2MI were matched to 2171 controls (mean age 70; 43% female). 
Known coronary artery disease, heart failure, chronic kidney disease, hypertension, payor source, and presenting heart 
rate were associated with higher odds of T2MI. Anti-hyperglycemic medication and anti-coagulation use before admission 
were associated with lower odds of T2MI. Those with T2MI had higher morbidity and mortality (hazard ratio, 1.40 [95% CI, 
1.13–1.74]; P=0.002).

CONCLUSIONS: In hospitalized patients with COVID-19, those with a T2MI compared with those without had higher morbidity 
and mortality. Outpatient anti-hyperglycemic and anti-coagulation use were the only pre-admission factors associated with 
reduced odds of T2MI.

Key Words: anti-coagulation ■ anti-hyperglycemic ■ COVID-19 ■ demand ischemia ■ registry ■ type 2 NSTEMI

Non–ST-segment–elevation myocardial infarction is 
a subtype of acute coronary syndrome that results 
from either partial or total occlusion of coronary ar-

tery blood flow.1 The majority of non–ST-segment–eleva-
tion myocardial infarction cases are partial, flow-limiting 
occlusions rather than total obstructions.2,3 While type 
1 myocardial infarction is characterized primarily by in-
tracoronary atherothrombotic plaque rupture, a type 2 
myocardial infarction (T2MI) is one that occurs due to an 
oxygen supply and demand mismatch in the absence of 

acute atherothrombosis.4 T2MI can occur in the setting 
of fixed atherosclerosis without plaque rupture, alone 
or in combination with coronary vasospasm, sustained 
tachyarrhythmias, severe hypertension, severe bradyar-
rhythmias, respiratory failure, or severe anemia, among 
other causes.2,4 Comorbid risk factors for patients with 
T2MI include anemia, sepsis, chronic kidney disease 
(CKD), heart failure (HF), hypertension, and arrhyth-
mias.4,5 T2MI has been associated with higher mortality 
when compared with type 1 myocardial infarction and 
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typically occurs in patients who are older, more often 
female, and with higher prevalence of cardiac and non-
cardiac comorbidities.2,5

Since the early stages of the COVID-19 pandemic, a 
reported cardiovascular complication with associated 
adverse outcomes of severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) infection has been 
myocardial injury, characterized as acute or chronic.6 
Acute myocardial injury is defined as a significant el-
evation of cardiac troponin above the 99th percentile 
upper reference limit with a rise and/or fall of cardiac 
troponin values.6 Meanwhile, chronic myocardial injury 
is reflective of stable cardiac troponin levels that are 
not markedly higher (<20%).7 Myocardial injury can 
result from a T2MI during acute viral infections as a 
result of hypoxia-related increased cardiometabolic 
demand.6 However, other mechanisms of cardiac in-
jury can occur from direct viral-mediated myocardial 
damage, systemic inflammation, or electrolyte imbal-
ances.6 Examples of myocardial injuries that often lead 
to an elevation of cardiac troponin include myocardi-
tis, stress-cardiomyopathy, arrhythmias, cardiogenic 
shock, and cardiac arrest.6

Known cardiovascular disease (CVD), hypertension, 
and diabetes are associated with greater mortality in 
patients infected with SARS-CoV-2.8 A single-center 
case series of 187 patients hospitalized with COVID-19 
in Wuhan City, China early in the pandemic reported 
myocardial injury in 27.8% of patients that was associ-
ated with more severe complications of SARS-CoV-2 
and higher mortality.9 However, there is currently a 
paucity of data that specifically evaluate the incidence 
of T2MI (versus nonischemic myocardial injury) with 

SARS-CoV-2 in diverse cohorts. Furthermore, the prog-
nosis of patients who have been infected with SARS-
CoV-2 who experience T2MI is not well described. This 
study aims to define the incidence of T2MI in a national 
cohort and identify prehospital patient characteristics 
associated with a diagnosis of T2MI in hospitalized pa-
tients with COVID-19. We will also examine the associ-
ation of T2MI with morbidity and mortality.

METHODS
Study Population
This analysis was performed using data from the 
American Heart Association’s (AHA) COVID-19 
Cardiovascular Disease (CVD) Registry powered by 
the Get With The Guidelines quality improvement pro-
gram. The Get With The Guidelines programs are pro-
vided by the AHA. Anonymized data and materials are 
available via the AHA’s COVID-19 CVD Registry where 
IQVIA managed the data collection platform, and the 
Duke Clinical Research Institute served as the coordi-
nating center. Details regarding the establishment and 
implementation of this registry have been previously 
described.10 The registry included any adult patient 
hospitalized with an active COVID-19 infection, con-
firmed with a reverse transcription polymerase chain 
reaction test (either before or during the hospitaliza-
tion), a positive immunoglobulin M antibody test, or a 
clinical diagnosis using hospital-specific criteria. This 
may or may not have been the primary diagnosis for 
hospitalization. We followed the Strengthening the 
Reporting of Observational Studies in Epidemiology 
(STROBE) reporting guideline. The Medical College of 
Wisconsin Institutional Review Board Committee ap-
proved the study and waived the need for obtaining 
informed consent because data were collected as part 
of routine quality-improvement activities and no direct 
patient interactions or postdischarge follow-up oc-
curred. No one received compensation or was offered 
any incentive for participating in this study.

From January 2020 through May 2021, the regis-
try had ~32 000 admission records from 122 centers 
across the United States. Included patients were adults 
hospitalized with active COVID-19 disease confirmed 
by reverse transcription polymerase chain reaction 
test or positive immunoglobulin M antibody test. We 
excluded patients with a ST-segment–elevation myo-
cardial infarction or type 1 myocardial infarction event 
during the index hospitalization. There are >200 data 
elements that were retrospectively abstracted from 
the patient medical record using a standardized case 
report form provided by the AHA. Many of the data 
points in the case report form, including medical his-
tory, outpatient medications, and in-hospital complica-
tions, were reported with checkboxes of either “Yes,” 

CLINICAL PERSPECTIVE

What Is New?
•	 In hospitalized patients with COVID-19, having 

a type 2 myocardial infarction was associated 
with higher morbidity, including adverse cardiac 
events, and mortality.

What Are the Clinical Implications?
•	 Prehospital antihyperglycemic or anti-

coagulation use was associated with lower 
odds of type 2 myocardial infarction in hospital-
ized patients with COVID-19.

Nonstandard Abbreviations and Acronyms

qCSI	 Quick COVID-19 Severity Index
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or “No/ND” (ND=not documented). Follow-up clarifica-
tion was typically not a mandatory field. For example, 
when inputting data for lipid-lowering therapy, “Yes” 
would be checked but specifically answering whether 
the patient was on “Ezetimibe,” “PCSK 9 Inhibitor,” 
“Statin,” or “Other lipid-lowering med” was not manda-
tory. Participation in this quality improvement registry 
was approved or waived for review by each participat-
ing hospital’s institutional review board.

Inclusion/Exclusion Criteria
All patients aged ≥18 years hospitalized with COVID-19 
within the registry were included in our initial data 
set. Patients with a type 1 myocardial infarction, ST-
segment–elevation myocardial infarction, and those 
hospitalized outside the pandemic range (January 1, 
2020–May 31, 2021) were removed from the data set. 
Nineteen patients were excluded from length of stay 
analyses due to inaccurate entry for time of admission. 
T2MI was captured in the registry with a checkbox 
within the “Hospitalization” section in the case report 
form. Fifty-seven centers did not have at least 1 re-
ported T2MI, so they were also excluded. There were 
702 patients with a reported T2MI.

Study Measures
In this study, we explore T2MI as both an outcome and 
as an exposure preceding an even more dire outcome. 
For our primary aim, exposure variables (predictors) of 
interest for a diagnosis of T2MI (outcome variable) in-
cluded data from 3 categories: (1) prehospital patient 
characteristics, (2) comorbidities, and (3) outpatient 
(before admission) medications. Prehospital patient 
characteristics included age, sex, race, insurance sta-
tus, initial labs (hemoglobin A1C, C-reactive protein, 
d-dimer, creatinine, and troponin), smoking status, 
body mass index (BMI) when available, and admission 
vitals (blood pressure, heart rate, oxygen saturation). 
Medical history was entered as a binary indicator in 
the registry by research personnel based on review 
of the medical record. Comorbidities considered in-
cluded hypertension, coronary artery disease (CAD) 
(defined as prior coronary artery bypass graft surgery, 
myocardial infarction, or percutaneous coronary inter-
vention), HF, diabetes, pulmonary disease (including 
chronic obstructive pulmonary disease, asthma, or 
interstitial lung disease), CKD, and cancer. Outpatient 
medications included antihypertensives, lipid-lowering 
therapy, antiplatelet agents, anticoagulants, antihyper-
glycemic medications, immunosuppressive medica-
tions, chemotherapy, and hydroxychloroquine.

For our secondary aim, the exposure variable 
was T2MI, and the outcomes of interest included (1) 
in-hospital death or discharge to hospice and (2) in-
hospital morbidity. We defined morbidity as the number 

of days in intensive care unit, length of intubation, new 
hemodialysis or continuous renal replacement therapy, 
adverse cardiac events (defined as: cardiac arrest, 
in-hospital shock, veno-arterial or veno-venous extra-
corporeal membrane oxygenation), adverse vascular 
events (defined as: deep vein thrombosis, pulmonary 
embolus, acute limb ischemia, ischemic or hemor-
rhagic stroke), clinical bleeding requiring transfusion, 
and length of stay.

Statistical Analysis
The American Heart Association Precision Medicine 
Platform (https://​preci​sion.​heart.​org/​) was used for 
data analysis, and IQVIA (Parsippany, New Jersey) 
serves as the data collection and coordination center. 
If dates of admission and discharge were outside of 
the included pandemic range (January 1, 2020–May 
31, 2021), length of stay was considered missing. The 
outcome of T2MI was defined as an event if it occurred 
before the morbid events listed above (hemodialysis or 
continuous renal replacement therapy, coagulopathy, 
ventilation, cardiac arrest, extracorporeal membrane 
oxygenation (both veno-arterial and veno-venous), 
shock, intracardiac thrombus, ischemic stroke/intrac-
ranial hemorrhage, or seizure). If the timing of those 
morbid events was unknown, it was assumed the 
T2MI occurred first. Race and ethnicity were catego-
rized into Non-Hispanic Black, Hispanic, Non-Hispanic 
White, Asian, and Other. To ameliorate any concerns 
over the adjudication of T2MI, we performed a sensi-
tivity analysis using troponin data within the registry. In 
addition, there were 57 sites reporting no observations 
of T2MI. Due to concern of misreporting issues, these 
sites were excluded from analysis.

Since T2MI is rare while controls are abundant, we 
performed a matched analysis (1 case to 4 control) to 
increase the power by variance reduction. There was 
an exact match on age, sex, and race. When BMI data 
were not missing, the closest BMI was matched; oth-
erwise, the control was selected at random. Control 
complications were defined by the same length of fol-
low-up as their matched cases (ie, the controls were 
followed from the same relative day of the T2MI case). 
Between cases and controls, the complications were 
compared using Pearson’s χ2 tests for categorical 
data and Mann–Whitney-Wilcoxon tests for continu-
ous comparisons. Variables of interest at admission 
considered for model adjustment were as follows: 
payment type, smoking history, hypertension, CAD, 
HF, diabetes, chronic obstructive pulmonary disease, 
CKD, cancer, antihypertensive, lipid-lowering therapy, 
antiplatelet, anticoagulant, antihyperglycemic, cor-
ticosteroid, immunosuppressive medications (other 
than steroids), chemotherapy or biological treatment 
for cancer, hydroxychloroquine, systolic and diastolic 

https://precision.heart.org/
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blood pressure, heart rate, temperature, oxygen sat-
uration (%), serum creatinine, hemoglobin A1C (%), C-
reactive protein, and d-dimer.

The matching variables (age, sex, race, and BMI) 
were considered descriptively for T2MI cases versus 
controls. The odds ratio of a case due to covariates 
was estimated by a matched analysis using condi-
tional logistic regression with forward variable selec-
tion to predict T2MI. Similarly, for death (or discharge 
to hospice), the case/control matches were adjusted 
via stratified Cox proportional hazard regression (each 
stratum is a match) that used forward variable selec-
tion. Given the large number of variables we analyzed, 
we built predictive models for our regression, which 
only included the significant variables to reduce the 
noise within the data.

To account for the severity of COVID-19 infection on 
our outcomes data, we calculated a modified Quick 
COVID-19 Severity Index (qCSI) score for both cases 
and controls. This score has been validated to accu-
rately predict patients who will decompensate with early 
hospital respiratory failure.11 The qCSI assigns a score 
based on the patient’s respiratory rate, oxygen satura-
tion, and oxygen flow rate. Given the restriction of the 
registry data, we modified the last variable in the qCSI 
where if the patient was on room air, they would be as-
signed 0 points and any oxygen use would be 4 points. 
In addition to comparing qCSI, and admission vitals, we 
also compared the admission chest radiographs for both 
groups to help account for the severity of COVID-19.

RESULTS
As of May 31, 2021, there were 32 015 patients in the 
registry, with 709 having a T2MI. The incidence of T2MI 
was 2.2%. After performing the 4:1 matched analysis, 
there were 579 cases with T2MI matched to 2173 con-
trols (130 cases were excluded from the matched anal-
ysis since they were unable to be matched).

Unadjusted Analyses
In our unadjusted analysis, we measured the baseline 
differences between cases and controls. Demographic 
and baseline characteristics are displayed in the Table. 
Given that we matched on age, sex, race, and BMI, 
those variables were not statistically different between 
the 2 groups. The mean age and BMI of the cohort were 
70 years and 29, respectively, with 43% female. The 
T2MI group had a higher prevalence of hypertension 
(81% versus 72%, P <0.001), CAD (23% versus 14%, 
P <0.001), HF (30% versus 17%, P <0.001), and CKD 
(30% versus 18%, P <0.001). There was no difference 
between the 2 groups in terms of diabetes, chronic ob-
structive pulmonary disease, history of cancer, or smok-
ing status. A higher percentage of T2MI (cases) were 

insured through Medicaid/Title 19 (13% versus 8%). 
On admission, patients with T2MI had a faster heart 
rate (95 beats per minute versus 90 beats per minute, 
P <0.001) but did not differ in terms of systolic or di-
astolic blood pressure, temperature, or initial oxygen 
saturation. Abnormal chest radiograph on admittance 
was recorded in 56% of controls and 76% of cases 
(only 5% of patients in our study did not have a chest 
radiograph). This was significant with an odds ratio (OR) 
1.341 (P=0.009). In terms of medications before admis-
sion, the only differences between the 2 groups were 
anti-platelet and anti-hypertensive use (43% T2MI ver-
sus 36% control, P=0.002 and 74% T2MI versus 68% 
control, P=0.017, respectively). Other classes of medi-
cations including lipid-lowering and anti-hyperglycemic 
therapy are shown in the Table. Comparing the modified 
qCSI, controls had an average score of 3, which equates 
to a low-level risk of decompensation. Cases had an 
average score of 3.5, which was the next risk category, 
low-intermediate risk of decompensation. Patients with 
a T2MI had a more severe course of COVID-19 (by qCSI) 
with OR 1.107 (95% CI, 1.062–1.154, P <0.001).

In patients with a T2MI during the index hospital-
ization, there was an increase in death or discharge 
to hospice (hazard ratio [HR], 1.40 [95% CI, 1.13–1.74]; 
P=0.002) compared with controls. Having a T2MI was 
associated with higher morbidity, including adverse car-
diac events (HR, 3.86 [95% CI, 3.08–4.83; P <0.001]), 
adverse vascular events (HR, 2.31 [95% CI, 1.70–3.15]; 
P <0.001), intubation (HR 2.98 [95% CI, 2.39–3.72]; P 
<0.001), major bleeding requiring transfusion (HR, 2.63 
[95% CI, 1.82–3.81]; P <0.001), transfer to the intensive 
care unit (HR, 2.88 [95% CI, 2.37–3.51]; P <0.001), new 
hemodialysis or continuous renal replacement therapy 
(HR, 2.70 [95% CI, 1.81–4.03]; P <0.001), higher length 
of stay and time in the intensive care unit. These mor-
bidity and mortality outcomes with hazard ratios and 
95% CIs are summarized in Figure 1 and Table S1.

Adjusted Analyses
We performed conditional logistic regression modeling 
with forward selection in our adjusted analysis. Model 
selection excluded the following variables due to high 
missingness: serum creatinine, admission SpO2, and 
admission labs (hemoglobin A1C, troponin, C-reactive 
protein, and d-dimer). Known CAD (OR, 1.87 [95% CI, 
1.43–2.44]; P <0.001), HF (OR, 1.84 [95% CI, 1.43–
2.37]; P <0.001), hypertension (OR, 1.41 [95% CI, 1.08–
1.84], P=0.012), CKD (OR, 1.84 [95% CI, 1.43–2.36]; 
P <0.001), and payor source (Medicaid/Title 19 versus 
private; OR, 2.23 [95% CI, 1.47–3.39]; P <0.001) were 
strongly associated with higher odds of T2MI (Figure 2 
and Table S2). Admission heart rate was also directly 
associated with higher odds of T2MI (OR, 1.16 [95% CI, 
1.10–1.22] per 10 beats; P <0.001). Anti-hyperglycemic 
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medication use before admission was associated with 
lower odds of T2MI (OR, 0.76 [95% CI, 0.60–0.95]; 
P=0.018) as was outpatient anticoagulation use (OR, 
0.72 [95% CI, 0.54–0.95]; P=0.022).

When comparing patients with T2MI to the matched 
controls, admission heart rate was directly associ-
ated with inpatient mortality or discharge to hospice 
(HR, 1.16 [95% CI, 1.09–1.23] per 10 beats; P <0.001). 

Admission systolic blood pressure was inversely as-
sociated with mortality (HR, 0.90 [95% CI, 0.86–0.95] 
per 10 mm Hg; P<0.001). Payor source was associated 
with mortality (Medicaid versus private; HR, 2.62 [1.29–
5.31]; P=0.008 and Medicare versus private; HR, 1.74 
[95% CI, 1.03–2.96]; P=0.040); Figure 3 and Table S3. 
T2MI was associated with mortality (HR, 1.28 [95% CI, 
1.004–1.62]; P=0.046).

Table.  Patient Characteristics of Cases and Controls (Matched on Age, Sex, Race, and Body Mass Index)

Controls (n=2173) Type 2 NSTEMI (n=579) P value

Age, y 70±14 71±15

Body mass index 29±8 29±8

Sex

Male 1231 (57%) 326 (56%)

Female 942 (43%) 253 (44%)

Race and ethnicity

Asian 89 (4%) 27 (5%)

Black 606 (28%) 164 (28%)

Hispanic 225 (10%) 61 (11%)

Other 136 (6%) 36 (6%)

White 1117 (51%) 291 (50%)

Payment source 0.011

Medicare/Title 18 932 (43%) 228 (39%)

Medicaid/Title 19 177 (8%) 73 (13%)

Private insurance 387 (18%) 93 (16%)

VA/CHAMPVA/Tricare/Self-Pay/Other/Unknown 137 (6%) 34 (6%)

More than 1 540 (25%) 151 (26%)

Past medical history

Cancer 324 (15%) 95 (16%) 0.322

Chronic kidney disease 386 (18%) 176 (30%) <0.001

COPD 288 (13%) 95 (16%) 0.051

Coronary artery disease 296 (14%) 135 (23%) <0.001

Diabetes 862 (40%) 244 (42%) 0.254

Heart failure 371 (17%) 173 (30%) <0.001

Hypertension 1559 (72%) 468 (81%) <0.001

Smoking 150 (7%) 47 (8%) 0.275

Pre-admission vitals

Systolic BP pre-admission 133±25 131±30 0.056

Diastolic BP pre-admission 75±15 75±19 0.739

Heart rate pre-admission 90±19 95±22 <0.001

Temperature pre-admission 99±1.6 99±1.8 0.556

Oxygen saturation pre-admission 94±5 94±5.7 0.432

Outpatient medications

Anticoagulation therapy 358 (17%) 94 (17%) 0.937

Antihyperglycemic therapy 658 (31%) 160 (30%) 0.521

Antihypertensive therapy 1454 (68%) 400 (74%) 0.017

Antiplatelet therapy 788 (36%) 250 (43%) 0.002

Immunosuppressive therapy 287 (13%) 79 (14%) 0.641

Lipid-lowering therapy 1067 (50%) 287 (53%) 0.131

Data are displayed as: n (column percent), mean±SD. BP indicates blood pressure; CHAMPVA, Civilian Health and Medical Program of the Department of 
Veterans Affairs; COPD, chronic obstructive pulmonary disease; NSTEMI, non–ST-segment–elevation myocardial infarction; and VA, Veterans Affairs.
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DISCUSSION
In this national and diverse, multicenter study of patients 
hospitalized with COVID-19, the incidence of T2MI was 
2.2%. A prior history of CAD, HF, hypertension, CKD, 
and admission heart rate were associated with higher 
odds of T2MI during the index hospitalization. T2MI 
was associated with higher mortality and morbidity, 
including adverse cardiovascular events, major bleed-
ing, acute kidney injury necessitating hemodialysis or 
continuous renal replacement therapy, and transfer 
to the intensive care unit. This may be in the context 
of more severe COVID-19 infection, given that cases 
had higher admission heart rates, higher incidence 
of abnormal chest radiograph, and higher (modified) 
COVID-19 severity scores. This is an expected finding 
given that T2MI occurs due to myocardial oxygen sup-
ply/demand mismatch without acute atherothrombotic 
plaque disruption, and COVID-19 primarily manifests 
as an acute respiratory illness.

Anticoagulation use before admission was associ-
ated with lower odds of T2MI. Although not a primary 
hypothesis of our analysis, anti-hyperglycemic medi-
cation use before admission was associated with re-
duced odds of T2MI, an interesting finding worthy of 
more discussion given growing epidemiological data 
showing potential benefit in other studies of COVID-19. 

This observation may have particular relevance given 
that many studies show higher morbidity and mor-
tality in those with type 2 diabetes and COVID-19 
infection.12–14

A major strength of our study compared with others 
is the specific focus on T2MI epidemiology and related 
outcomes rather than the broader, more common diag-
nosis of myocardial injury in hospitalized patients with 
COVID-19. For example, one of the earliest published 
case series by Guo et  al. during the pandemic was 
based on 187 patients in Wuhan City, China, demon-
strating that 27.8% of those hospitalized patients had 
myocardial injury. The mortality during hospitalization 
was 7.6% for patients without underlying CVD and nor-
mal troponin T levels, 37.5% for those without under-
lying CVD but elevated troponin T levels, and 69.4% 
for those with underlying CVD and elevated troponin 
T. Patients with underlying CVD were more likely to ex-
hibit elevation of troponin T levels compared with the 
patients without CVD.9 The investigators did not differ-
entiate between T2MI nor between acute or chronic 
myocardial injury.

Patients with T2MI and myocardial injury are fre-
quently encountered in clinical practice and are at high 
risk of both major adverse cardiovascular events and 
noncardiac death.15 Differentiating T2MI from non-
ischemic myocardial injury is important because the 

Figure 1.  Hazard ratios for morbidity and mortality outcomes in COVID-19 and type 2 
NSTEMI.
CRRT indicates continuous renal replacement therapy; HD, hemodialysis; HR, hazard ratio; ICU, 
intensive care unit; NSTEMI, non–ST-segment–elevation myocardial infarction; and T2MI, type 2 
myocardial infarction.
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underlying mechanisms of troponin release differ. T2MI 
is an ischemic process, and thus consideration for as-
sessment for underlying obstructive coronary artery 

disease may be reasonable if not previously done. In 
contrast, nonischemic myocardial injury may result 
from many mechanisms including myocardial strain 

Figure 2.  Odds ratios for pre-admission factors associated with type 2 NSTEMI in 
COVID-19.
NSTEMI indicates non–ST-segment–elevation myocardial infarction; and OR, odds ratio.

Figure 3.  Hazard ratios for factors associated with inpatient mortality or discharge to 
hospice.
BP indicates blood pressure; HR, hazard ratio; and MI, myocardial infarction.
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(HF, valvular heart disease, or hypertension) or direct 
cardiotoxicity (myocarditis, stress cardiomyopathy).16 
The evaluation of nonischemic myocardial injury will 
often focus on a structural examination of the heart 
with imaging. Because upwards of 60% of hospitalized 
patients with COVID-19 meet the definition for myo-
cardial injury, distinguishing from T2MI with ECG, im-
aging, or symptoms is increasingly important both for 
prognostication and to provide insight into the specific 
mechanisms of cardiac involvement.17–19

Given what we have learned about the pathophysi-
ology of acute cardiac injury in COVID-19, our finding of 
pre-admission anticoagulation use and lower odds of 
T2MI can be explained. The hypercoagulable state and 
systemic endothelial tissue injury due to COVID-19 in-
fection predisposes to microthrombi formation in blood 
vessels, including the cardiac capillaries, leading to 
T2MI.20 Furthermore, macrovascular thrombosis, such 
as acute pulmonary embolism leading to respiratory 
failure and/or increased hemodynamic stress, can be 
averted with anticoagulation, as can coronary embo-
lism. Patients with COVID-19 have a higher incidence 
of venous thromboembolism than other hospitalized 
patients, and randomized control trial data have now 
led to guideline recommendations for anticoagulation 
treatment to prevent both venous and arterial throm-
boembolic complications in hospitalized COVID-19 
patients.21–23

The finding of anti-hyperglycemic medication use 
before admission being associated with a reduced 
odds of T2MI deserves more discussion. A large meta-
analysis evaluating in-hospital mortality outcomes in 
3 061 584 patients (from 61 studies rated as having 
low risk of bias) with type 2 diabetes and COVID-19 
found that metformin, glucagon-like peptide-1 recep-
tor agonist, and sodium-glucose cotransporter-2 in-
hibitor use before admission were associated with a 
lower mortality rate.24 Furthermore, metformin was 
associated with better outcomes in a dose–response 
manner with every 250 mg/d increase associated 
with a 19.7% lower odds of mortality, strengthening 
the possibility of causality.24,25 Unfortunately, due to 
missing data (neither “Yes” nor “No/ND” selected for 
prior-to-admission anti-hyperglycemic medication use) 
in the AHA COVID-19 CVD registry, we were under-
powered to analyze by class of anti-hyperglycemic. 
However, metformin was the most used non-insulin, 
anti-hyperglycemic  agent (16% of cases and 17% of 
controls) in this registry cohort.

Several mechanisms might explain the benefit of 
metformin use among patients with COVID-19 infec-
tions. These include reduced release of inflammatory 
cytokines interleukin-6 and tumor necrosis factor-α, 
both of which are implicated in COVID-19 patho-
physiology.26 In fact, metformin was originally intro-
duced as an anti-influenza drug with the side effect 

of glucose-lowering, and it has additional pleiotropic 
effects. Metformin modulates angiotensin-converting 
enzyme-2 through monophosphate-activated pro-
tein kinase, decreases coagulation and thrombosis, 
and improves endothelial function.24 Metformin has 
shown in vitro activity against SARS-CoV-2 and other 
RNA viruses.27,28 The COVID-OUT: Early Outpatient 
Treatment for SARS-COV-2 infection randomized 1432 
patients in a 2-by-3 factorial design to test the effec-
tiveness of 3 repurposed drugs (metformin, ivermectin, 
and fluvoxamine) in preventing SARS-CoV-2 infection 
in nonhospitalized adults enrolled within 3 days after a 
confirmed diagnosis. None of the 3 medications pre-
vented the occurrence of the primary combined end 
point of hypoxemia, an emergency department visit, 
hospitalization, or death associated with COVID-19. 
However, there was a reduction in the combined end 
point components of emergency department visit, hos-
pitalization, and death with metformin with an adjusted 
OR of 0.58 (95% CI, 0.35–0.94).27 Because this was a 
secondary end point, the finding cannot be considered 
definitive, and more investigation remains to be done.

Diabetes predisposes patients with COVID-19 to 
poor outcomes. Epidemiological studies have shown 
that diabetes increases the risk of hospitalizations, 
admission to critical care, and mortality caused by 
COVID-19.12,29–34 In our analyses, a history of type 2 di-
abetes was not a significant predictor of T2MI or higher 
morbidity and mortality. We reconcile our findings with 
those of others by considering another possible con-
founding variable, obesity. The co-existence of obesity 
and diabetes, also called “diabesity,” is another major 
pandemic that the world currently faces.29 Diabesity is 
characterized by a pro-inflammatory state, driven by 
cytokines, such as interleukin-6 and tumor necrosis 
factor-α. These patients are at increased risk of uncon-
trolled inflammation, which could induce a cytokine 
storm and contribute to an overall poor prognosis.30 In 
our analyses, we matched on BMI (age, sex, and race). 
Perhaps much of the increased risk in COVID-19 infec-
tion found in other studies of patients with diabetes is 
largely attributable to the complex pathophysiology of 
“diabesity,” rather than type 2 diabetes itself.33 From 
this same registry, Hendren et al. found that individuals 
who were obese are at higher risk for mortality and 
morbidity if hospitalized with COVID-19, even for young 
adults.35 Whether the association of diabetes with poor 
outcomes is direct, or secondary to comorbidities, 
needs clarification. Alternatively, diabetes “severity” 
and/or new-onset diabetes during the index hospital-
ization that are not captured in our analyses are alter-
native possible explanations for the neutral finding.32

The associations of prior history of CAD, HF, hy-
pertension, CKD, and higher admission heart rate with 
higher odds of T2MI during the index hospitalization 
are not unexpected. Exacerbations of these conditions 



J Am Heart Assoc. 2024;13:e032572. DOI: 10.1161/JAHA.123.032572� 9

Patel et al� Type 2 MI in Hospitalized Patients With COVID-19

may contribute to both increased myocardial demand 
(tachyarrhythmia, hypertension, HF) and diminished 
oxygen delivery to the myocardium (fixed CAD) in the 
setting of serious infection.36 The association of payor 
source with more T2MI (Medicaid/Title 19) and mortal-
ity (Medicare/Title 18) likely reflect both the demograph-
ics of the vulnerable adult population publicly insured 
(ages 65 years and older, adults aged 19 to 64 years 
who are disabled or institutionalized) and social deter-
minants of health, such as income level, food access, 
housing, transportation, and access to health care. A 
separate publication from this registry concluded that 
patients hospitalized with COVID-19 residing in more 
socially vulnerable communities experienced higher 
rates of in-hospital mortality and morbidity, indepen-
dent of race, ethnicity, and several clinical factors.37

Our study is not without limitations. Like many reg-
istry studies, our analysis was retrospective and relies 
on data extracted at each hospital from clinical med-
ical records. Because this is an observational study, 
we cannot conclude causality. We attempted to ac-
count for confounders with both multivariable models 
and matched analyses, but residual confounding can-
not be excluded. Criteria for T2MI were not rigorously 
defined or applied across sites. Though ECGs were 
not provided for our analyses, the diagnosis of T2MI 
was determined by the participating site and would be 
anticipated to include ECG changes (or imaging evi-
dence of ischemia) according to the Fourth Universal 
Definition of Myocardial Infarction.8 It is possible that 
the capture of T2MI as a dichotomous variable may 
be subject to both under- and over-ascertainment as 
a result. To check the reliability of the T2MI diagno-
sis, we ran a sensitivity analysis on the 579 cases that 
were captured by the checkbox. The sensitivity analy-
sis confirmed that only 12 patients in the 579 cases did 
not have an elevated troponin greater than that 99th 
percentile or a dynamic troponin trending on serial 
draws, further strengthening our adjudication of T2MI. 
However, using troponin as a sole indicator for T2MI is 
inherently limited given the high potential for nonisch-
emic myocardial injury in the hospitalized COVID-19 
population. To ameliorate these concerns, we only 
included sites recording at least one T2MI diagnosis. 
Given these limitations, it is unclear how to interpret 
an incidence of 2.2% for T2MI in patients hospitalized 
with COVID-19. We suspect that the actual incidence 
of T2MI in patients hospitalized with COVID-19 is likely 
higher. We did attempt to limit this bias with the case–
control matching discussed above, strengthening the 
conclusions of our study. Vaccination status was not 
accounted for; however, COVID-19 vaccinations were 
not yet available during much of the time analyzed in 
this study. Due to the observational nature of this study, 
the findings of antihyperglycemic and anticoagulation 
medication use before admission being associated 

with a reduced odds of T2MI (and mortality) can only 
be classified as hypothesis-generating here.

CONCLUSIONS
The incidence of T2MI in patients hospitalized with 
COVID-19 was 2.2%. The strongest predictors for 
T2MI in patients hospitalized with COVID-19 were 
CKD, CAD, HF, hypertension, and higher heart rate 
on presentation. Those patients with T2MI during the 
index hospitalization had higher morbidity and mortal-
ity. Outpatient antihyperglycemic medication use may 
be protective against both T2MI and mortality in hos-
pitalized patients with COVID-19, and this exploratory 
finding warrants further investigation in experimental 
studies, given mechanistic plausibility of some of these 
agents.
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