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AUTHOR'S SUMMARY

This study describes the trends in type 2 myocardial infarctions (T2MIs) during the
coronavirus disease 2019 (COVID-19) pandemic in the United States using the National
Inpatient Sample (NIS) database. This correlation between COVID-19 and T2MI has been
rarely studied and more so no concrete trends have been discovered until now. The trends
found in this study include increasing trend of T2MI hospitalizations corresponded to the
rise in COVID-19 hospitalizations with an increase in-hospital mortality and total cost of
hospitalizations.

ABSTRACT

Background and Objectives: There is limited data on the impact of type 2 myocardial
infarction (T2MI) during the coronavirus disease 2019 (COVID-19) pandemic.

Methods: The National Inpatient Sample (NIS) database from January 2019 to December

2020 was queried to identify T2MI hospitalizations based on the appropriate International
Classification of Disease, Tenth Revision-Clinical Modification codes. Monthly trends of
COVID-19 and T2MI hospitalizations were evaluated using Joinpoint regression analysis. In
addition, the multivariate logistic and linear regression analysis was used to compare in-
hospital mortality, coronary angiography use, and resource utilization between 2019 and 2020.
Results: A total of 743,535 patients hospitalized with a diagnosis of T2MI were identified

in the years 2019 (n=331,180) and 2020 (n=412,355). There was an increasing trend in T2MI
hospitalizations throughout the study period corresponding to the increase in COVID-19
hospitalizations in 2020. The adjusted odds of in-hospital mortality associated with T2MI
hospitalizations were significantly higher in 2020 compared with 2019 (11.1% vs. 8.1%:
adjusted odds ratio, 1.19 [1.13-1.26]; p<0.01). In addition, T2MI hospitalizations were
associated with lower odds of coronary angiography and higher total hospitalization charges,
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with no difference in the length of stay in 2020 compared with 2019.

Conclusions: We found a significant increase in T2MI hospitalizations with higher in-
hospital mortality, total hospitalization costs, and lower coronary angiography use
during the early COVID-19 pandemic corresponding to the trends in the rise of COVID-19
hospitalizations. Further research into the factors associated with increased mortality can
increase our preparedness for future pandemics.

Keywords: COVID-19; SARS-CoV-2; Myocardial infarction; Myocardial ischemia

INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic has overwhelmed the United States
healthcare system, the effects of which will reverberate for years.” While most cases
presented as respiratory failure, cardiovascular complications were frequently encountered
and contributed to the mortality and morbidity burden.? Approximately 1 in 4 hospitalized
COVID-19 patients had preexisting cardiovascular disease, and nearly half had a myocardial
injury resulting in cardiac arrhythmias and dysfunction.®® Many of these hospitalized
patients also had type 2 myocardial infarction (T2MI) as defined by the fourth universal
definition of myocardial infarction (MI).”) Moreover, the cardiac biomarker elevation was
frequently observed among patients with underlying cardiovascular disease, with levels
shown to be directly predictive of worse outcomes.”” It is also well known that T2MI is
associated with worse short and long-term outcomes.?*” In addition, the association of
COVID-19 with T2MI is known." However, the impact of the COVID-19 pandemic on the
outcome of T2MI is unknown. In this context, we aimed to evaluate the burden of the first
year of the COVID-19 pandemic on the incidence trends and in-hospital outcomes of T2MI in
a large cohort using the National Inpatient Sample (NIS) database.

METHODS

Ethical statement
All data within the NIS is publicly available and de-identified. Therefore, Institutional Review
Board approval was not required for our study.

Data source

We conducted a retrospective cohort study using the NIS 2019 and 2020 databases. The NIS

is the largest all-payer publicly available database developed through a Federal-State-Industry
partnership for the Healthcare Cost and Utilization Project (HCUP), sponsored by the Agency
for Healthcare Research and Quality (AHRQ). The NIS database contains discharge weights
designed to produce US national estimates of inpatient utilization, access, cost, quality, and
outcomes. The database includes over 100 clinical and nonclinical data elements equating to up
to 8 million unweighted hospital discharges, representing roughly 20% of hospital admissions
across different hospital types and geographic regions. The database has been utilized to report
the trends, inpatient outcomes, and associated procedural utilization of various diseases.

Study population

Patients aged 18 years or older hospitalized with a diagnosis of T2MI between January 1st, 2019,
to December 31st, 2020, were identified using the appropriate International Classification of
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Disease, Tenth Revision (ICD-10)-Clinical Modification (CM) code (see Supplementary Table
1 for all the ICD-10-CM and ICD-10-Procedure Coding System codes used in the study) in the
primary and secondary diagnosis sections. We excluded patients with concurrent diagnoses of
ST-elevation myocardial infarction (STEMI). We stratified patients according to the calendar
year of hospitalization. We extracted patient-level baseline characteristics, including age,
demographics, primary payer, hospital characteristics, comorbidities, and the Charlson
comorbidity index (CCI) (surrogate index for comorbidity burden).

Outcomes

The primary outcome was to assess the in-hospital mortality difference between 2020 and
2019. Secondary outcomes included identifying the common cause of death in patients with
T2M], differences in coronary angiography, length of stay, and total hospitalization charges
between patients with T2MI in 2020 compared with 2019.

Statistical analyses

The NIS database was downloaded from the HCUP central distributor after completing
mandatory HCUP data use agreement training. We adhered to the methodological standard
of HCUP and followed the checklist provided by the HCUP. Categorical variables were
presented as frequency (%) and were compared using the chi-square test. Continuous
variables were presented in weighted mean + standard deviation (SD) and were compared
using the student’s t-test if normally distributed. The median and interquartile range
were used for non-normal distribution data and compared using the Mann-Whitney U
test. Joinpoint regression analysis evaluated the monthly trends and surges of COVID-19
hospitalizations in 2020. To produce national estimates, Stata facilitates analysis by
considering NIS’s complex sampling design, including stratification, clustering, and
weighting. For 2020 versus 2019 outcomes comparison, univariate logistic and linear
regression were used to calculate the unadjusted odds ratio (OR) and mean difference,
respectively. Subsequently, multivariate logistic and linear regression analyses were used
to adjust for potential confounders and produce adjusted odds ratios (aORs). Multiple
covariates were built into the model based on the association of the diagnosis reported in
the literature. All p values were calculated based on 2-tailed tests, with 0.05 as a threshold
for statistical significance. All statistical analyses were performed using the Stata software
package, version 17.0 SE-Standard Edition (StataCorp, College Station, TX, USA).

RESULTS

A total of 743,535 patients hospitalized with a concurrent diagnosis of T2MI were identified in
the years 2019 (331,180 patients) and 2020 (412,355 patients). Detailed patient characteristics
are shown in Table 1. Although statistically significant, the sex (female: 47.2% vs. 46%,

p<0.01) and age (70.9+14 vs. 70.4+14.1, p=0.02) differences between 2019 and 2020 were very

Table 1. Baseline characteristics of type 2 myocardial infarction, National Inpatient Sample 2019-2020

Characteristics 2019 (n=331,180) 2020 (n=412,355) p value
Mean age with SD (year) 70.9+14 70.4+14.1 0.02
18-49 8.2 8.9
50-64 21.6 22.1
65-74 24.6 01311
>75 45.4 43.8
Female (%) 47.2 46 <0.01

(continued to the next page)
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Table 1. (Continued) Baseline characteristics of type 2 myocardial infarction, National Inpatient Sample 2019-2020

Characteristics 2019 (n=331,180) 2020 (n=412,355) p value
Weekend hospitalizations (%) 26.2 26.1 0.58
Insurance (%) <0.01
Medicare 73.8 71.7
Medicaid 10.7 11.6
Private 12.6 13.7
Uninsured 2.8 2.9
Hospital bed size (%) 0.80
Small 20.6 21.5
Medium 27.6 28.1
Large 51.7 50.3
Teaching/location (%) 0.91
Rural 8.5 8.2
Urban non-teaching 15.5 15.9
Urban teaching 76.1 75.8
Zip income (%) 0.25
1 32.7 33.2
2 26.6 28.1
3 23.2 21.8
4 17.5 16.9
Disposition (%) <0.01
Home 42.9 42.3
Short term hospital 3.7 3.4
SNF 30.8 28.4
Home health care 20.9 23.7
AMA 1.6 2.1
Race (%) 0.02
White 69.8 66.7
Blacks 16.2 17.4
Hispanics 7.8 9.5
Mean CCI 4.3 4.3 0.12
CCl score (%)
1 7.7 8.2
2 15.3 15.7
>3 76.9 76
Comorbidities (%)
Hypertension 70 69.6 0.30
Diabetes Mellitus 40.6 41.6 <0.01
Obesity 18.7 20.4 <0.01
Obstructive sleep apnea 10.2 9.6 0.01
Afib/flutter 30.2 30.3 0.88
Chronic pulmonary disease 15.4 15.7 0.46
CAD 96.2 98.7 <0.01
Heart failure 55.4 53.3 <0.01
Prior CVA 12.8 12.4 0.07
Renal failure 40.6 40.6 0.98
Liver disease 9.1 9.8 0.01
Lymphoma 1.4 1.4 0.63
Metastatic cancer 3.4 3.5 0.72
Solid tumor without metastases 6.3 6.2 0.28
Sepsis 26 29 <0.01
PVD 21.4 20.2 <0.01
Anemia 39.8 40.7 0.07
Smoker 39 36.5 <0.01
Pneumonia (Bacterial or viral) 65.1 67.2 <0.01
Respiratory failure 41.3 43.9 <0.01
COVID-19 0 10.1 N/A

Comorbidities were indexed via International Classification of Disease, Tenth Revision-Clinical Modification codes

(Supplementary Table 1).

AMA = against medical advice; CAD = coronary artery disease; CCl = Charlson comorbidity index; COVID-19 =
coronavirus disease 2019; CVA = cerebrovascular accident; N/A = not applicable; PVD = peripheral vascular

disease; SD = standard deviation; SNF = skilled nursing facility.
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minimal. In 2020, we had more African American patients (16.2% vs. 17.4%, p=0.02) and
Hispanic patients (7.8% vs. 9.5%, p=0.02) compared with 2019. There were no significant
differences in hospital type and size and mean household income determined by ZIP code
between the calendar years. The CCI scores were similar in both 2019 and 2020 (CCI 23,
76.9% vs 76%, p=0.12). The year 2020 was associated with higher prevalence of diabetes
mellitus (41.6% vs. 40.6%, p<0.01), CAD (98.7% vs. 96.2%, p<0.01), liver disease (9.8%

vs. 9.1%, p=0.01), sepsis (29% vs. 26%, p<0.01), viral or bacterial pneumonia (67.2% vs.
65.1%, p<0.01), respiratory failure (43.9% vs. 41.3%, p<0.01), and COVID-19 (10.1% vs. 0%)
compared with 2019. There was a small but statistically significant difference in discharge
dispositions between the calendar years, with fewer patients going to skilled nursing facility
(30.8% vs. 28.4%, p<0.01) but more dispositions with home health care (20.9% vs. 23.7%)
support in the year 2020 compared with 2019. The top 3 primary diagnoses associated with
T2MI were similar in 2019 and 2020, including sepsis, hypertensive heart & chronic kidney
disease, and hypertensive heart disease with heart failure. In 2020, COVID-19 was the fourth
most common cause of admission associated with T2MI (Supplementary Table 2).

During the COVID-19 pandemic in 2020, there were a total 0f 1,676,695 COVID-19
hospitalizations identified in the dataset (Supplementary Table 3). Approximately half
(805,110 or 48%) occurred during the final three months of 2020, and overall, there was an
increasing trend of COVID-19 hospitalization as 2020 progressed (Figure 1A). Similarly, there
was a rising trend of T2MI hospitalizations across the study period, with a visible peak seen

in December 2020 as was seen for COVID-19 hospitalizations (Figure 1B, Supplementary
Tables 3 and 4). Likewise, there were peaks in T2MI hospitalizations associated with COVID-19
diagnosis seen in April 2020 (6,025, or 20.8% of all T2MI hospitalizations), July 2020 (4,055
hospitalizations, or 12.2%) and December 2020 (8,580, or 21%). The incidence of T2MI in
COVID-19 infection patients ranges from <1% to 20.8%, as shown in Table 2.

Overall, the increasing trend of T2MI hospitalizations was statistically significant by the
Joinpoint regression analysis model with an average annual percent change (AAPC) of +1.8%
over the study period and a corresponding p-value of 0.004. A graph of the Joinpoint model
is provided in Supplementary Figure 1. The model demonstrates a significant decrease in
T2MI hospitalizations from January to August 2019 (with an annual percent change [APC] of
-2.1%, p=0.043), as well as significant increases in T2MI hospitalizations from August 2019
to April 2020 (APC +6.4%, p<0.001) and July to December 2020 (APC +4.8%, p<0.001).

There were significantly higher odds of in-hospital mortality for T2MI hospitalizations in 2020
compared with 2019 (11.1% vs. 8.1%: aOR, 1.19 [1.13-1.26]; p<0.01), Table 3 and Figure 1C.
The top 3 causes of mortality in 2020 were sepsis, COVID-19, and heart failure. In 2019, the
top 3 causes were sepsis, acute respiratory failure, and heart failure (Table 4). The monthly
trend of inpatient mortality of patients with T2MI correlated with the higher incidence of
COVID-19 infection of in-hospital mortality was seen again in April (5,010, or 16.7% of all
T2MI hospitalizations) and December 2020 (5,665, or 13.9%) (Supplementary Tables 3 and
5). Coronary angiography for patients with associated diagnosis of T2MI were less commonly
performed in 2020 compared with 2019 (11.8% vs. 9.7%: aOR, 0.82 [0.77-0.88]; p<0.01)
(Figure 1D, Supplementary Table 6). The other outcomes of T2MI in 2020 were significantly
different when compared with 2019, including the total hospitalization charges (adjusted mean
difference, $6,953; p=0.02) and total hospitalization costs (adjusted mean difference, $1,333;
p<0.01) (Supplementary Table 7). However, there was no statistically significant difference in
the length of stay (7.7+9.1 vs. 7.2+8.3 days: adjusted mean difference, 0.09 days; p=0.21).
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Figure 1. Various trends in COVID-19 hospitalizations and T2MI.

(A) Trends in COVID-19 hospitalizations in the year 2020. The trend of COVID-19 patient hospitalizations across 2020 by month with a p-trend <0.01. (B) Trends
of T2MI hospitalizations in the background of COVID-19 hospitalizations. The patients admitted to the hospital with T2MI in 2019 and 2020 were displayed with
COVID-19 hospitalizations in 2020. (C) Trends of in-hospital T2MI mortality rate in the background of COVID-19 hospitalizations. The trends in the mortality rate
for patients admitted to the hospital with T2MI in 2019 and 2020 were displayed with the COVID-19 hospitalizations in 2020. The overall p-trend was <0.01. (D)
Trends in coronary angiography use in T2MI patients in 2019 and 2020. The trends in the use of coronary angiography in patients admitted to the hospital with
T2MI in 2019 and 2020 were displayed with the COVID-19 hospitalizations in 2020. The p-trend was <0.01.

COVID-19 = coronavirus disease 2019; T2MI = type 2 myocardial infarction.

Table 2. COVID-19 hospitalizations with type 2 myocardial infarction in 2020, National Inpatient Sample

Month Count Proportions
January <11 <1%
February <11 <1%
March 1,615 5%
April 6,025 20.8%
May 2,925 9.4%
June 2,204 7.1%
July 4,055 12.2%
August 2,900 8.5%
September 2,075 6.1%
October 3,465 9.5%
November 7,784 20.1%
December 8,580 21%
Total 41,640

COVID-19 = coronavirus disease 2019.
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Table 3. Clinical and resource outcomes for T2MI hospitalizations, National Inpatient Sample 2019-2020

Unadjusted OR or mean

Adjusted OR or mean

Outcomes 2019 (n=331,180) 2020 (n=412,355) difference p value difference™t p value
In-hospital mortality 26,680 (8.1%) 45,740 (11.1%) 1.42 (1.35, 1.49) <0.01 1.19(1.13, 1.26) <0.01
Coronary angiography 39,235 (11.8%) 40,189 (9.7%) 0.80 (0.75, 0.85) <0.01 0.82(0.77, 0.88) <0.01
Length of stay (days) 7.9+8.3 7.7+9.1 0.54 (0.36, 0.75) <0.01 0.09 (-0.05, 0.25) 0.21
Total hospitalization charges ($) 94,019+151,173 107,460+170,478 13,440 (6,730, 20,151) <0.01 6,953 (1,083, 12,823) 0.02

Values are presented as meanzstandard deviation or number (%).
COVID-19 = coronavirus disease 2019; OR = odds ratio; T2MI = type 2 myocardial infarction
"OR or mean difference for T2MI patients in 2020 compared with 2019.

Tvariables used for adjusted analysis include age, gender, admission day, insurance status, median household income by zip code, hospital bed size, Charlson
comorbidity index, COVID-19 infection, sepsis, respiratory failure, obesity, Atrial fibrillation/flutter, hypertension, diabetes mellitus, chronic obstructive
pulmonary disease, coronary artery disease, prior stroke, chronic kidney disease, end-stage renal disease, peripheral vascular disease, anemia, smoking status.

https://e-kcj.org

Table 4. Five most common mortality cause (primary diagnosis) associated with type 2 myocardial infarction
hospitalizations, National Inpatient Sample, 2019 & 2020

ICD-10-CM code Diagnosis Number and percentage of mortality
Year 2019 (n=26,680)

A41.9, A41.51 Sepsis 9,140 (34.3%)

J96.01, J96.21 Acute respiratory failure with hypoxia 1,395 (5.4%)

113.0 Hypertensive heart and CKD with HF 1,040 (3.9%)
Year 2020 (n=45,740)

A41.9, A41.89 Sepsis 17,689 (38.7%)

uo7.1 COVID-19 6,060 (13.2%)

113.0 Hypertensive heart and CKD with HF 1,400 (3.1%)

J96.01 Acute respiratory failure with hypoxia 1,195 (2.6%)

CKD = chronic kidney disease; HF = heart failure; ICD-10-CM = International Classification of Disease, Tenth
Revision-Clinical Modification.

DISCUSSION

This is the first study to compare the outcome of patients with T2MI during the COVID-19
pandemic to those before the pandemic. First, COVID-19 was the second most common
cause of admissions related to T2MI in 2020. Second, the majority of COVID-19-related
hospitalizations in 2020 happened during the first 3 months after the beginning of the
pandemic and was after that followed by a steady increase. Third, T2MI during hospital
admission was associated with higher in-hospital mortality in 2020 compared with 2019.
Fourth, patients with T2MI were less likely to receive coronary angiography in 2020, albeit
with higher hospitalization costs when compared with 2019.

Troponin elevation above the 99th percentile of the upper reference limit has traditionally been
the marker of myocardial injury.'”” However, the underlying pathophysiological mechanisms
contributing to ischemia are used to further classify in the most recent Fourth Universal
definition of MI. Although myocardial injury is frequently observed among patients with
COVIDA19, identifying the ischemic component remains challenging.” Thus, the incidence

of T2MI among patients hospitalized with COVID-19 infection widely ranged from <1% to
21%.9% COVID-19 infection causes endothelial dysfunction, systemic inflammation, pro-
thrombotic state, and hypoxia.”™ These lead to an imbalance in oxygen demand and supply

to the heart, causing T2MI. Moreover, we also noted an increase in the incidence of T2MI

with the trend of the COVID-19 outbreak, as seen by the rise of COVID-19 hospitalizations
from April through December 2020. Apart from the direct effect of the COVID-19 disease, the
pandemic also indirectly affected the outcome of T2MI. This was evidenced by using COVID-19
infection as one factor to be adjusted in the multivariable regression analysis for the outcomes
of T2MI patients. The T2MI patients in 2020 had worse outcomes than the pre-COVID-19 era,

https://doi.org/10.4070/kcj.2023.0063 835
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with nearly 20% increased odds of inpatient death. A prior study by Kwok et al.,'® studying
the impact of COVID-19 on STEMI, showed a higher incidence of mortality among these
patients compared with those without concurrent infection. Moreover, it is well established
that prognosis of T2MI is worse compared with TIML.?Y) This is probably the reason for the
higher mortality rates among COVID-19 patients with T2MI observed in our study. Several
factors have been proposed, including patient and healthcare-related factors.’® The primary
reason for patient-related factors was the fear of obtaining the COVID-19 infection leading to
avoidance and reluctance to seek healthcare.'9? Healthcare-related factors include resource
constraints in the pandemic setting, including a shortage of medications, medical equipment,
and healthcare providers. Besides the resource’s restriction, COVID-19-related symptoms can
mimic myocardial infarction, especially shortness of breath, which could lead to misdiagnosis
or delayed treatment.’

We also observed a decline in the use of coronary angiography during our study period. This
was also observed in prior studies that showed a lower rate of coronary angiography and
myocardial revascularization in patients with T2MI during this period.” Moreover, a study
by Kwok et al.,'” observed a decline in the utilization of primary percutaneous coronary
intervention (PCI) for STEMI following the lockdown in England, along with an increase

in door-to-balloon times. However, whether this cutback was due to a lack of resources

or a postponement of intervention in acutely ill patients is unclear. Thus, all these factors
contributed to moral distress amongst healthcare workers, resulting in occupational burnout
and post-traumatic stress disorder, ultimately affecting healthcare.?)

Furthermore, we found significantly higher hospital charges and hospitalization costs in
2020 compared with 2019. These findings were adjusted for COVID-19 infection, and the
result suggested that the pandemic also indirectly affected these outcomes, like the inpatient-
mortality outcome. The major contributors to these findings are age, comorbidities, Medicare
insurance, the requirement of supplemental oxygen, including mechanical ventilation and
extracorporeal membrane oxygenation, and patients in the Northeast region. In contrast,
teaching status and hospital size have little impact on the costs and length of stay.??

We acknowledge three main limitations in this study. First, the NIS is an administrative data
based on ICD-10 coding, which did not include essential clinical information like symptoms,
laboratory tests, imaging, and medication prescriptions. This leads to heavily rely on the
accuracy of the input data which could cause misclassification of non-STEMI patients as
T2MI. However, this ICD-10 coding method for identification of T2MI patients has been
used in the previous studies.”>*) In our study, any concurrent diagnosis of STEMI and non-
STEMI reported in the same T2MI patient was excluded from the study, which was a small
proportion (<1%) of patient population. Secondly, our study includes only hospitalized
patients. Therefore, our results do not reflect all patients with T2MI patients. Third, given
the nature of retrospective studies, there remains a potential for bias due to unmeasurable
confounding factors, despite adjustment for baseline comorbidities.

In summary, our study demonstrated that the rise in COVID-19 hospitalizations was in
conjunction with trends in the increase of T2MI and its associated mortality. In addition,
we found that T2MI in 2020 was associated with higher in-hospital mortality, lower use of
coronary angiography, and higher total hospitalization charges compared to 2019. Further
research into the factors associated with increased mortality can increase our preparedness
for future pandemics.
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