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IMPORTANCE The coronavirus disease 2019 (COVID-19) pandemic has changed health care
delivery worldwide. Although decreases in hospitalization for acute myocardial infarction
(AMI) have been reported during the pandemic, the implication for in-hospital outcomes is
not well understood.

OBJECTIVE To define changes in AMI case rates, patient demographics, cardiovascular
comorbidities, treatment approaches, and in-hospital outcomes during the pandemic.

DESIGN, SETTING, AND PARTICIPANTS This cross-sectional study retrospectively analyzed AMI
hospitalizations that occurred between December 30, 2018, and May 16, 2020, in 1 of the 49
hospitals in the Providence St Joseph Health system located in 6 states (Alaska, Washington,
Montana, Oregon, California, and Texas). The cohort included patients aged 18 years or older
who had a principal discharge diagnosis of AMI (ST-segment elevation myocardial infarction
[STEMI] or non–ST-segment elevation myocardial infarction [NSTEMI]). Segmented
regression analysis was performed to assess changes in weekly case volumes. Cases were
grouped into 1 of 3 periods: before COVID-19 (December 30, 2018, to February 22, 2020),
early COVID-19 (February 23, 2020, to March 28, 2020), and later COVID-19 (March 29,
2020, to May 16, 2020). In-hospital mortality was risk-adjusted using an observed to
expected (O/E) ratio and covariate-adjusted multivariable model.

EXPOSURE Date of hospitalization.

MAIN OUTCOMES AND MEASURES The primary outcome was the weekly rate of AMI (STEMI or
NSTEMI) hospitalizations. The secondary outcomes were patient characteristics, treatment
approaches, and in-hospital outcomes of this patient population.

RESULTS The cohort included 15 244 AMI hospitalizations (of which 4955 were for STEMI
[33%] and 10 289 for NSTEMI [67%]) involving 14 724 patients (mean [SD] age of 68 [13]
years and 10 019 men [66%]). Beginning February 23, 2020, AMI-associated hospitalizations
decreased at a rate of –19.0 (95% CI, –29.0 to –9.0) cases per week for 5 weeks (early
COVID-19 period). Thereafter, AMI-associated hospitalizations increased at a rate of +10.5
(95% CI, +4.6 to +16.5) cases per week (later COVID-19 period). No appreciable differences in
patient demographics, cardiovascular comorbidities, and treatment approaches were
observed across periods. The O/E mortality ratio for AMI increased during the early period
(1.27; 95% CI, 1.07-1.48), which was disproportionately associated with patients with STEMI
(1.96; 95% CI, 1.22-2.70). Although the O/E mortality ratio for AMI was not statistically
different during the later period (1.23; 95% CI, 0.98-1.47), increases in the O/E mortality ratio
were noted for patients with STEMI (2.40; 95% CI, 1.65-3.16) and after risk adjustment (odds
ratio, 1.52; 95% CI, 1.02-2.26).

CONCLUSIONS AND RELEVANCE This cross-sectional study found important changes in AMI
hospitalization rates and worse outcomes during the early and later COVID-19 periods. Future
studies are needed to identify contributors to the increased mortality rate among patients
with STEMI.
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T he coronavirus disease 2019 (COVID-19) pandemic has
profoundly changed health care delivery worldwide.
Although early attention to COVID-19 was dispropor-

tionately focused on efforts to flatten the (pandemic) curve,
recent studies have revealed a substantial decrease in hospi-
talization rates for acute myocardial infarction (AMI). Re-
ports from Austria,1 Italy,2 and the US (California)3 have noted
lower admission rates for both ST-segment elevation myocar-
dial infarction (STEMI) and non–ST-segment elevation myo-
cardial infarction (NSTEMI). This decreased hospitalization rate
likely reflects multiple factors. Most worrisome among these
factors has been the reluctance of patients with AMI to seek
medical attention out of fear that they may become infected
with severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2).4

We performed a retrospective, cross-sectional study of all
AMI hospitalizations in a large multistate health care system.
We sought to define changes in AMI case rates, patient demo-
graphics, cardiovascular comorbidities, treatment ap-
proaches, and in-hospital outcomes during the pandemic.

Methods
This study included patients aged 18 years or older with a prin-
cipal discharge diagnosis of AMI who were admitted between
December 30, 2018, and May 16, 2020, into 1 of 49 hospitals
in the Providence St Joseph Health (PSJH) system located in 6
states (Alaska, Washington, Montana, Oregon, California, and
Texas). We used International Statistical Classification of
Diseases and Related Health Problems, Tenth Revision, codes
to define the population (eTable 1 in the Supplement). Indi-
viduals who were admitted as an outpatient were excluded.
This study was approved by the PSJH Institutional Review
Board, which waived the informed consent requirement be-
cause of the retrospective nature of the study.

The primary outcome was the weekly rate of AMI (STEMI
or NSTEMI) hospitalizations before and after the pandemic on-
set. The secondary outcomes were patient characteristics, treat-
ment approaches, and in-hospital outcomes (mortality, length
of stay, and discharge disposition) of patients with STEMI or
NSTEMI. Treatment approaches were defined by Medicare
Severity-Diagnosis Related Groups (MS-DRGs) for percutane-
ous coronary intervention, coronary artery bypass graft sur-
gery, and medical management of AMI (eTable 2 in the Supple-
ment).

Time Series Analyses for Changes in Case Rates
Weekly volumes of AMI hospitalizations (categorized as
STEMI or NSTEMI) are presented in the Figure as line
graphs. Segmented regression analysis was used to ascer-
tain volume changes over time. Using 2 identified break
points (February 23, 2020 and March 29, 2020), we grouped
cases into 1 of 3 periods for analysis: before COVID-19 (De-
cember 30, 2018, to February 22, 2020), early COVID-19
(February 23, 2020, to March 28, 2020), and later COVID-19
(March 29, 2020, to May 16, 2020). Segmented regression
analysis was also used to identify the slope change in

weekly hospitalizations during the 3 periods, with consider-
ation of time dependence in the model.

Risk-Adjusted Mortality
Risk-adjusted in-hospital mortality was examined with 2 mod-
els. The first was the PSJH mortality risk model, which was a
lookup table consisting of more than 5430 expected mortal-
ity rates. Such data were derived from the 3M All Patient
Refined DRG, risk of mortality, and severity-of-illness grou-
per algorithm applied to a large inpatient database in the west-
ern US (eMethods in the Supplement). The second was a mul-
tivariable logistic model, which considered all demographic
variables listed in Table 1. Results of the multivariable model
were presented as adjusted odds ratio (OR) with 95% CI.

Statistical Analysis
Patient demographics, cardiovascular comorbidities, treat-
ment approaches, and in-hospital outcomes were summa-
rized as descriptive statistics. Categorical data were pre-
sented as frequency (percentage). Numeric data were tested
for normality and presented as mean (SD) or median (inter-
quartile range [IQR]), as appropriate. Trends among the 3
COVID-19 periods were compared using univariate χ2, Fisher
exact, or Kruskal-Wallis tests, as appropriate, for each vari-
able. The level of statistical significance varied from P < .05
to P < .008, depending on Bonferroni adjustment for mul-
tiple comparisons (eMethods in the Supplement).

Results
The study cohort comprised 15 244 hospitalizations for AMI
(4955 for STEMI [33%] and 10 289 for NSTEMI [67%]) involv-
ing 14 724 patients. Of those hospitalized, 5225 were women
(34%) and 10 019 were men (66%), with a mean (SD) age of 68
(13) years (Table 1). Before the COVID-19 period, the mean (SD)
weekly case rate was 222 (17) patients for AMI, 72 (9) patients
for STEMI, and 150 (13) patients for NSTEMI (Figure and
eTable 3 in the Supplement). Beginning February 23, 2020, AMI

Key Points
Question How have case rates, treatment approaches, and
in-hospital outcomes changed for patients with acute myocardial
infarction (AMI) during the coronavirus disease 2019 (COVID-19)
pandemic?

Findings In this cross-sectional study of 15 244 hospitalizations
involving 14 724 patients with AMI, case rates began to decrease
on February 23, 2020, followed by a modest recovery after 5
weeks. Although no statistically significant difference in treatment
approaches was found, the risk-adjusted mortality rate among
patients with ST-segment elevation myocardial infarction
increased substantially.

Meaning The findings of this study show that changes in AMI
hospitalizations and in-hospital outcomes occurred during the
COVID-19 pandemic periods analyzed; additional research is
warranted to explain the higher mortality rate among patients with
ST-segment elevation myocardial infarction.
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hospitalizations decreased at a rate of –19.0 (95% CI, –29.0 to
–9.0) cases per week for 5 weeks, marking the early COVID-19
period (Figure). Thereafter, AMI hospitalizations increased at
a rate of +10.5 (95% CI, +4.6 to +16.5) cases per week, mark-
ing the later COVID-19 period. Weekly AMI hospitalization rates
had not returned to baseline, however, by the last week evalu-
ated (May 10, 2020; eTable 3 in the Supplement). Similar trends
in hospitalization for AMI, STEMI, and NSTEMI were ob-
served in the PSJH system in all 6 states (eFigure 1 in the Supple-
ment).

Patients hospitalized for AMI in the early and later
COVID-19 periods vs the before period were slightly younger
(mean [SD] age, 67 [13] years vs 68 [13] years; P < .001) and more
likely to be Asian (50 [6%] and 62 [6%] vs 667 [5%]; P = .01)
or Native American individuals (20 [2%] and 21 [2%] vs 151 [1%];
P = .01) (Table 1). Treatment approaches for patients with
STEMI or NSTEMI were not statistically different across peri-
ods (eFigure 2 in the Supplement). Median (IQR) length of stay
for patients with AMI was shorter in the early COVID-19 pe-
riod by 7 hours and in the later COVID-19 period by 6 hours com-
pared with the before period (56 [41-115] hours and 57 [41-
116] hours vs 63 [43-122] hours, respectively; P < .001) (Table 2).
Similar trends were observed for both types of AMI. A greater
number of patients with AMI were discharged to home in the
early and later COVID-19 periods vs the before COVID-19 pe-
riod, with consistent findings among those with STEMI (235
[83%] and 284 [81%] vs 3402 [79%]; P = .02) and NSTEMI (465
[81%] and 587 [83%] vs 6976 [77%]; P = .006).

The observed (crude) in-hospital mortality rate was simi-
lar between periods for all groups (Table 2). Compared with
the before COVID-19 period, however, patients with STEMI had

a statistically greater risk of mortality during the later COVID-19
period after adjusting for patient demographic characteris-
tics and comorbidities (OR, 1.52; 95% CI, 1.02-2.26). Using the
PSJH model, the observed to expected (O/E) hospital mortal-
ity ratio for patients with AMI was statistically increased in the
early COVID-19 period (O/E ratio, 1.27; 95% CI, 1.07-1.48), with
consistent findings in the later period as well (O/E ratio, 1.23;
95% CI, 0.98-1.47). These findings, however, were different for
patients with STEMI vs those with NSTEMI. For patients with
STEMI, the O/E mortality ratio was substantially higher in all
3 COVID-19 periods. These patients had a stepwise increase in
the O/E mortality ratio from the before period (O/E ratio, 1.48;
95% CI, 1.34-1.62) to the early (O/E ratio, 1.96; 95% CI, 1.22-
2.70) and later (O/E ratio, 2.40; 95% CI, 1.65-3.16) periods. The
O/E mortality ratio for STEMI in the later period was statisti-
cally greater than the before period. In contrast, patients with
NSTEMI had a consistently lower O/E mortality ratio for all 3
periods (before: O/E ratio, 0.80 [95% CI, 0.71-0.88]; early: O/E
ratio, 0.91 [95% CI, 0.46-1.36]; later: O/E ratio, 0.71 [95%
CI, 0.49-0.93]).

Discussion
Consistent with previous reports, this study found a substan-
tial decrease in AMI hospitalization rates in the early COVID-19
period. Beginning March 29, 2020, however, hospitalizations
for AMI began to increase, albeit at a slower rate. Among the
many factors likely associated with this rebound in cases was
encouragement of patients with symptoms or signs of AMI to
seek immediate medical attention, even amid the pandemic.5,6

Figure. Weekly Case Rates of Acute Myocardial Infarction (AMI), Non–ST-Segment Elevation Myocardial Infarction (NSTEMI), and STEMI Over Time
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Although patient demographics and treatment ap-
proaches were fairly consistent across periods, patients with
AMI hospitalized during the COVID-19 period were 1 to 3 years
younger, had a shorter length of stay, and were more likely to
be discharged to home. Possible explanations for these find-
ings were greater reluctance by older patients to seek medical
attention, hospital efforts to maintain bed availability, pa-
tient preference for early discharge, and concern about risk of
contracting SARS-CoV-2 in post–acute care facilities.

Notable differences in risk-adjusted mortality were
observed over the periods analyzed. Patients hospitalized
for AMI during the early COVID-19 period had an increased
O/E mortality ratio, associated disproportionately with
patients with STEMI. In this population, the O/E ratio and
risk-adjusted mortality rates were even greater during the
later COVID-19 period. Given the time-sensitive nature of
STEMI, any delay by patients, emergency medical services,
the emergency department, or cardiac catheterization labo-
ratory may have played a role.7,8 Additional complications
from delayed reperfusion (eg, conduction disturbances,
heart f ai lure, c ardiogenic shock, and mechanic al
complications)9 may have occurred in some patients. Fur-
ther research is needed to identify factors associated with
the higher mortality rate in patients with STEMI.

In the weeks and months to come, clinicians may see
greater numbers of patients with more severe manifesta-
tions of AMI. With the uncertainty on timing of a COVID-19
vaccine, this study reinforces the need to address important
care processes for patients with AMI to help mitigate further
risk.

Limitations
This study has several limitations. First, because the cohort was
defined by coding data, it is possible that the primary reason
for hospitalization was misclassified as an AMI. Second, the
treatment analysis excluded outpatients and those with other
MS-DRG codes. Although this group represented a small per-
centage of the total patient cohort (8% [1165]), treatment shifts
may have been underappreciated. Third, the data set did not
allow us to evaluate potential timing-related factors that may
have contributed to higher in-hospital mortality (eg, time of
symptom onset, first medical contact, and hospital arrival).
Fourth, although the PSJH mortality risk model is not AMI-
specific, we found consistent results with a multivariable model
adjusted for patient demographic characteristics and comor-
bidities. Fifth, the COVID-19 status of patients included in the
analysis was not available. As such, the higher observed rate
of AMI mortality during the COVID-19 period could have been
associated with concurrent SARS-CoV-2 infection.

Conclusions
Results of this cross-sectional study appear to validate previ-
ous concerns that large numbers of patients with AMI ini-
tially avoided hospitalization during the COVID-19 pan-
demic, likely out of fear of contracting SARS-CoV-2.
Hospitalization rates for AMI have begun to increase but so has
the risk of in-hospital mortality. Further research into factors
associated with an increase in the STEMI mortality rate is war-
ranted.
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