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Abstract

Background: Type 2 myocardial infarction (T2MI) is characterized by an imbalance between 

myocardial oxygen supply and demand in the absence of acute coronary obstruction. The 

current lack of clear diagnostic and management guidelines for T2MI could lead to disparities in 

management and outcomes across different hospital settings.

Methods: We performed a retrospective analysis using the National Inpatient Sample 

from 2017 to 2022, identifying adult hospitalizations with T2MI. Hospitals were categorized as 

rural, urban non-teaching, or urban teaching. The primary outcome was in-hospital mortality. 

Survey-weighted logistic regression was used to identify predictors of mortality.

Results: Among all hospitalizations for T2MI, 8.3% occurred in rural hospitals, 16.3% in 

urban non-teaching hospitals, and 75.4% in urban teaching hospitals. Patients at urban teaching 

hospitals were slightly younger but had higher rates of comorbidities. In-hospital mortality was 

significantly greater in urban teaching hospitals (10.5% vs. 9.3% and 8.8% in urban non-teaching 

and rural hospitals, respectively). After adjustment, urban teaching hospital status remained an 

independent predictor of mortality.

Conclusion: Patients with T2MI treated at urban teaching hospitals were associated with 

increased mortality, length of stay, and total hospital charges. Teaching hospital status was 

also found to be an independent risk factor for in-hospital mortality.
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Introduction

Type 2 myocardial infarction (T2MI) is a subtype 

of myocardial infarction that results from an imbalance 

between myocardial oxygen supply and demand, 

rather than acute plaque rupture. It represents a grow-

ing subset of myocardial infarction cases. Compared 

to patients with type 1 myocardial infarction, patients 

with T2MI are generally older, have a greater burden 

of comorbidities, and are at increased risk for adverse 

outcomes, including in-hospital mortality.
1
 Despite its 

clinical relevance, T2MI remains under-investigated, 

and standardized management strategies are lacking.
1

Hospital-level factors, such as teaching status, may 

influence clinical outcomes in patients with T2MI due 

to their ability to treat underlying illnesses. Teaching 

hospitals often benefit from greater subspecialty avail-

ability, advanced diagnostic capabilities, and aca-

demic infrastructure, potentially contributing to better 

outcomes.
2
 In contrast, rural and urban non-teaching 

hospitals may face resource limitations, including 

reduced access to cardiology expertise or procedural 

interventions. While some studies have reported lower 

mortality associated with teaching hospital status in 

general, others have shown slightly higher mortality 
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and total hospital charges (THC). THC was reported in 

U.S. dollars and adjusted for inflation to 2022 using the 

Consumer Price Index, as provided by the U.S. Bureau 

of Labor Statistics. Charges from 2017 to 2021 were 

converted to 2022 dollars using year-specific inflation 

factors. 

Statistical Analysis

All analyses were conducted using Stata version 

18.0 (StataCorp, College Station, TX). Descriptive sta-

tistics summarized baseline characteristics between 

T2MI patients. Continuous variables were reported 

as means ± standard deviations or medians with 

interquartile ranges, as appropriate. Categorical var-

iables were summarized as weighted percentages. 

Characteristics between patients across hospital types 

were compared using design-based F tests from a 

survey-adjusted chi-square test. Continuous variables 

were reported as means with standard deviations or 

medians with interquartile ranges and compared using 

survey-weighted linear regression as appropriate. 

Logistic regression was used to estimate the associ-

ation between hospital teaching status and in-hospital 

mortality. Adjusted odds ratios (aORs) and 95% confi-

dence intervals (CI) were reported. A two-sided p-value 

<0.05 was considered statistically significant.

Results

From 2017 to 2022, a total of 2,034,364 patients 

were included in the study. Baseline characteristics 

are shown in Table 1. The distribution across hospi-

tal types was 8.3% in rural hospitals, 16.3% in urban 

non-teaching hospitals, and 75.4% in urban teaching 

hospitals, as illustrated in Figure 1. Patients admit-

ted to rural hospitals were slightly older compared to 

those in urban non-teaching and urban teaching hos-

pitals (mean age 72.1 vs. 71.7 vs. 70.1 years, respec-

tively; p < 0.01). The majority of patients were White, 

with a higher proportion observed in rural hospitals 

than in urban non-teaching and urban teaching hospi-

tals (87.6% vs. 72.9% vs. 64.2%, respectively). 

The most common comorbidities across all hospi-

tal types were hypertension, congestive heart failure, 

rates for specific emergent procedures performed in 

teaching hospitals.
3

Based on the lack of a gold standard in diagno-

sis, risk stratification, and treatment guidelines.
1
 T2MI 

could further complicate management and may con-

tribute to variation in care across hospital settings. 

This study aims to examine differences in in-hospital 

outcomes among patients with T2MI across hospital 

settings, specifically rural, urban non-teaching, and 

urban teaching hospitals. By assessing variation in 

patients’ characteristics, primary payer types, and 

co-morbidities to determine whether disparities in 

diagnosis and management exist based on hospital 

teaching status and location.

Method

We conducted a retrospective analysis study 

using data from the National Inpatient Sample (NIS) 

from 2017 to 2022. The NIS is part of the Healthcare 

Cost and Utilization Project (HCUP) and is the largest 

publicly available all-payer inpatient database in the 

United States, containing a 20% stratified sample of 

discharges from community hospitals. 

We included adult patients aged ≥18 years who 

were hospitalized with a principal or secondary diag-

nosis of type 2 myocardial infarction (T2MI), identified 

using the ICD-10-CM diagnosis code I21.A1, “type 2 

myocardial infarction”. Patients with missing data for 

key variables, e.g., age, sex, mortality, race, length of 

stay, or total charges, were excluded from the analysis. 

The hospital’s teaching status was obtained from 

the American Hospital Association Annual Survey 

of Hospitals. A metropolitan statistical area is con-

sidered urban, and a non-metropolitan statistical 

area is rural. Teaching hospitals have an American 

Medical Association-approved residency program or 

are members of the Council of Teaching Hospitals. 

Patients’ comorbidities were measured using individual 

Elixhauser comorbidity flags defined by HCUP software.

Outcomes

The primary outcome was in-hospital mortality. 

Secondary outcomes included length of stay (LOS) 



3

The Association Between Hospital Teaching Status and In-Hospital Outcomes Among Patients with Type 2 Myocardial Infarction	 Yanpiset et al.  

The Southwest Journal of Medicine 2026;14(59):1–7

Table 1. Baseline Characteristics of Patients Hospitalized with T2mi by Hospital Location and Teaching Status

Characteristics
Rural 

(N = 169,450)
Urban Non-Teaching 

(N = 331,040)
Urban Teaching 
(N = 1,533,874) p-value

Prevalence, % 8.3% 16.3% 75.4% –
Age, year 72.1 ± 0.1 71.7 ± 0.1 70.1 ± 0.1 <0.01
Female, % 48.8% 47.7% 46.7% <0.01
Race, % <0.01
  White 87.6 72.9 64.2
  Black 7.6 12.6 19.4
  Hispanic 2.1 8.8 9.9
  Asian/Pacific Islander 0.5 2.8 3.0
  Native American 1.5 0.5 0.7
  Other 0.7 2.5 2.9
Comorbidities, %
  Hypertension 80.5 81.8 81.9 <0.01
  Diabetes 40.8 40.7 41.9 <0.01
  Congestive Heart Failure 56.8 57.1 58.1 <0.01
  Cardiac Arrhythmias 48.3 48.1 47.8 0.46
  Valvular Heart Disease 18.1 19.3 18.9 0.04
  Chronic pulmonary disease 39.4 33.1 30.8 <0.01
  Renal failure 37.8 39.3 40.6 <0.01
  Liver disease 7.5 8.5 9.9 <0.01
  Cancer 7.1 7.3 8.5 <0.01
  Coagulopathy 11.0 13.3 14.9 <0.01
  Obesity 19.4 19.3 19.1 0.52
  Alcohol abuse 4.9 5.3 5.8 <0.01
  Drug abuse 5.6 6.2 7.1 <0.01
Primary Payer, % <0.01
  Medicare 73.7 72.3 69.1
  Medicaid 8.7 8.9 12.0
  Private Insurance 11.5 12.8 13.3
  Self-Pay 2.3 3.1 1.3
Percutaneous Coronary Intervention, % 0.9 1.1 1.5 <0.01

Note: Values are presented as weighted percentages or means ± SD. p-values are based on survey-weighted chi-square tests and survey-weighted linear regression. 
T2MI = Type 2 Myocardial Infarction

cardiac arrhythmias, and diabetes mellitus. Patients 

treated at urban teaching hospitals tended to have a 

higher burden of severe comorbidities, including a 

greater prevalence of hypertension, congestive heart 

failure, diabetes, renal failure, liver disease, cancer, 

coagulopathy, alcohol abuse, and drug abuse. In con-

trast, diseases such as chronic pulmonary disease 

were lower in an urban teaching hospital. Rates of per-

cutaneous coronary intervention (PCI) were low among 

all three groups. However, it was observed to be the 
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Figure 1. Distribution of patients hospitalized with 
T2MI by hospital location and teaching status.

Table 2. In-Hospital Outcomes by Hospital Location and Teaching Status

Outcomes Rural Urban Non-Teaching Urban Teaching p-value
Primary Outcome
In-hospital mortality, % 8.8 9.3 10.1 <0.01
Secondary Outcomes
LOS, days (IQR) 4 (3,7) 5 (3,8) 5 (3,10) <0.01
Total Hospital Charges $, (IQR) $39,185  

($23,270–$69,759)
$60,378  

($33,850–$113,232)
$65,854  

($35,693–$130,762)
<0.01

Note: LOS = Length of stay; IQR = Interquartile range. All p-values are derived from survey-weighted analyses.

highest among the urban teaching hospitals (0.9% vs. 

1.1% vs. 1.5% in rural, urban non-teaching, and urban 

teaching hospitals, respectively; p < 0.01).

In unadjusted analysis, the in-hospital mortality 

outcome was found to be highest in urban teaching 

hospitals as demonstrated in Table 2 (8.8% vs. 9.3% 

vs. 10.5% in rural, urban non-teaching, and urban 

teaching hospitals, respectively; p < 0.01). Similarly, 

LOS and THG were found to be greater in the urban 

teaching group (4 vs. 5 vs. 5 days in rural, urban 

non-teaching, and urban teaching hospitals, respec-

tively; p < 0.01) and ($39,185 vs. $60,378 vs. $65,854 

in rural, urban non-teaching, and urban teaching hos-

pitals, respectively; p < 0.01).

In the adjusted model, hospital teaching status was 

found to be an independent factor for an increase in 

in-hospital mortality (aOR 1.06, 95% CI: 1.04–1.08). 

Older age was also associated with increased mortality 

(aOR 1.02, 95% CI: 1.02–1.02). Hispanic and Asian/

Pacific Islander were found to be at risk of increased 

hospital mortality compared to the white population; 

Hispanic (aOR 1.13, 95% CI: 1.09–1.17) and Asian/

Pacific Islander (aOR 1.09, 95% CI: 1.02–1.16). 

Comorbidities associated with increased mortality were 

liver disease (aOR 3.01, 95% CI: 2.92–3.10, coagulop-

athy (aOR 2.10, 95% CI: 2.04–2.15), cancer (aOR 1.53, 

95% CI: 1.48–1.58), and congestive heart failure (aOR 

1.06, 95% CI: 1.04–1.08), whereas hypertension, dia-

betes, valvular heart disease, alcohol abuse and drug 

abuse were associated with decreased odds for in- 

hospital mortality (Table 3 and Figure 2). Primary Payers 

were mostly found to be similar to Medicare, except for 

self-pay, which was associated with increased mortal-

ity (aOR 1.14, 95% CI: 1.06–1.22).

Discussion

Type 2 myocardial infarction is an emerging myo-

cardial infarction subtype that is caused by various 

systemic diseases that result in a demand and supply 

mismatch without significant coronary obstruction.
4
 

Generally, patients with T2MI experience higher mor-

tality and longer hospital stays compared to those 

with T1MI.
5–7

 This condition currently lacks estab-

lished guidelines for diagnosis, risk stratification, and 

treatment.
1
 This gap could contribute to disparities in 

management and outcomes across different health-

care settings. Patients treated at teaching hospitals 

generally have better access to resources, which 

often results in improved outcomes.
2

We found that the majority of patients with T2MI 

were admitted to urban teaching hospitals, comprising 
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Table 3. � Adjusted Odds Ratios for Predictors of 
In-Hospital Mortality

Predictors aOR (95% CI) p-value
Hospital Teaching Status 1.06 (1.04–1.08) <0.01
Age, year 1.02 (1.02–1.02) <0.01
Female (vs Male) 0.89 (0.87–0.91) <0.01
Race (vs White)
  Black 1.01 (0.98–1.04) 0.47
  Hispanic 1.13 (1.09–1.17) <0.01
  Asian/Pacific Islander 1.09 (1.02–1.16) 0.01
  Native American 1.10 (0.97–1.24) 0.14
  Other 1.23 (1.16–1.31) <0.01
Comorbidities, %
  Hypertension 0.55 (0.54–0.57) <0.01
  Diabetes Mellitus 0.92 (0.90–0.94) <0.01
  Congestive Heart Failure 1.06 (1.04–1.08) <0.01
  Valvular Heart Disease 0.66 (0.64–0.68) <0.01
  Chronic Pulmonary 

Disease 
0.99 (0.97–1.02) 0.60

  Renal Failure 1.01 (0.99–1.04) 0.29
  Liver Disease 3.01 (2.92–3.10) <0.01
  Cancer 1.53 (1.48–1.58) <0.01
  Coagulopathy 2.10 (2.04–2.15) <0.01
  Alcohol Abuse 0.60 (0.57–0.64) <0.01
  Drug Abuse 0.63 (0.60–0.67) <0.01
Primary payer (vs Medicare)
  Medicaid 1.03 (0.99–1.08) 0.12
  Private insurance 1.02 (0.99–1.06) 0.22
  Self-pay 1.14 (1.06–1.22) <0.01
  No charge 0.82 (0.63–1.07) 0.14
  Other 1.23 (1.16–1.31) <0.01

Note: Logistic regression models assessing the independent association of 
T2MI with in-hospital mortality. aOR = Adjusted Odds Ratio;  
CI = Confidence Interval.

Figure 2.  Adjusted odds ratios for predictors of 
in-hospital mortality in patients hospitalized with T2MI.

over three-quarters of the total T2MI cohort. Several 

factors may contribute to this distribution. First, there 

may be a falsely higher rate of T2MI diagnosis in 

urban teaching hospitals due to increased awareness 

and recognition among trainees and academic pro-

viders. Second, T2MI may be underdiagnosed in rural 

hospital settings, potentially due to limited access to 

advanced diagnostic modalities, such as imaging, 

which can help detect subtle wall motion abnormali-

ties. A study by McCarthy et al. reported a misclassifi-

cation rate of myocardial injury to T2MI of up to 41.9% 

at an academic hospital,
8
 where hospitalist services 

can sometimes misdiagnose T2MI as non-ST eleva-

tion myocardial infarction compared to cardiologists, 

as reported by Saleh et al.
9

A notably low rate of PCI was observed in this 

T2MI cohort, with the highest rate reported among 

patients treated at urban teaching hospitals at only 

1.5%. This low utilization raises concerns about the 

potential presence of undiagnosed underlying coro-

nary artery disease, particularly given the high prev-

alence of comorbidities in this population that are 

commonly associated with atherosclerotic disease. 

These findings align with previous reports suggest-

ing that invasive strategies and preventive pharmaco-

therapies may be underutilized in patients diagnosed 

with T2MI.
10,11

We report a significantly higher mortality rate in 

urban teaching hospitals in T2MI patients compared to 

rural and urban non-teaching hospitals, with a longer 

duration of hospital stay and increased THC in the 

urban teaching hospitals. This finding contrasts with 

previous studies that have demonstrated significantly 

lower mortality rates related to surgical procedures, 

the management of complex patients, and cardiac 

arrest outcomes in urban teaching hospitals.
12–14

 This 
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may be attributable to the lack of established evidence 

for diagnosis and treatment, which could contribute to 

undertreatment in this population. 

After adjustment for potential confounders, treatment 

at urban teaching hospitals remained independently 

associated with increased odds of in-hospital mortal-

ity compared to other hospital types. Additional factors 

associated with higher mortality included advanced 

age, Hispanic and Asian race, and comorbidities such 

as liver disease, cancer, coagulopathy, and conges-

tive heart failure. To date, disparities in healthcare 

delivery persist, with Hispanic and Asian populations 

often experiencing unequal treatment, potentially due 

to factors such as language barriers, insurance chal-

lenges, and immigration or documentation status.
15,16

 

These factors may also complicate the treatment of the 

underlying illnesses associated with T2MI that result 

in increased morbidity and mortality. These findings 

underscore the need for the development of standard-

ized guidelines for the diagnosis, risk stratification, and 

management of T2MI to improve outcomes and miti-

gate the risk of mortality, increased length of stay, and 

increased hospital charges. 

Limitation

This study has several limitations. First, it is con-

strained by the administrative nature of the NIS. It 

is subject to coding errors or misclassification bias. 

Second, the diagnoses of T2MI were based on ICD-

10-CM coding, which may not be accurate, as reported 

in a previous study. Third, the NIS lacks detailed clin-

ical information and disease severity data that may 

impact clinical outcomes in this specific patient group. 

Last, the NIS captures hospitalizations rather than 

individual patients, which introduces the possibility 

that some individuals may have been counted more 

than once if they were admitted multiple times during 

the study period. 

Conclusion

Our findings indicate higher mortality among 

T2MI patients treated at urban teaching hospitals, 

with urban teaching hospital status emerging as 

an independent predictor of in-hospital mortality. 

Establishing standardized guidelines for diagnosis, 

risk stratification, and treatment may help mitigate 

these risks and improve outcomes in these patients.
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