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Abstract
Background

Previous meta-analyses have focused on investigating the impact of the Coronavirus Disease 2019
(COVID-19) pandemic on outcomes in STEMI patients. We aimed to examine the outcomes and
prognosis following ST-segment elevation myocardial infarction (STEMI) among those with COVID-19
compared with those without COVID-19.

Methods

PubMed and Embase were searched from inception till November 2021. We included only those studies
that compared our primary outcome, in-hospital mortality, between COVID-19-positive and COVID-19-
negative cohorts with primarily out-of-hospital STEMI. We conducted a random-effects meta-analysis to
investigate the association between COVID-19 infection and mortality as well as other clinical outcomes.

Results

A total of 11 observational studies were included in our meta-analysis. Most of the studies were of
su�ciently high quality. Our �ndings show that a diagnosis of COVID-19 in STEMI patients is associated
with a large increase in mortality (OR 4.07; 95% CI: 2.48-6.69) and poorer clinical outcomes but with no
increase in door-to-balloon (D2B) time (MD 9.45 minutes, 95% CI: -1.25 to 20.15 minutes).

Conclusions

In this meta-analysis, a diagnosis of COVID-19 was found to greatly increase the risk of mortality. An
early assessment of COVID-19 status in STEMI patients is needed followed by urgent management.

Main Text
Coronavirus Disease 2019 (COVID-19) has been associated with an increased risk of adverse
cardiovascular events including arteriovenous thrombosis, myocarditis and acute myocardial injury.[1,
2] Pre-existing cardiovascular disease has also been linked to increased severity of COVID-19 infection
with subsequent worse clinical outcomes.[3] The hypercoagulable state caused by COVID-19 has also
been of great concern, especially its potentially damaging effects on coronary vasculature.[4] While the
outcomes in ST-segment elevation myocardial infarction (STEMI) patients, without an assessment of
COVID-19 status, during the COVID-19 pandemic compared with the pre-pandemic era have been
investigated,[5] there is a paucity of robust, broadly representative data directly comparing outcomes
between STEMI patients with a diagnosis of COVID-19 and STEMI patients with no diagnosis of COVID-
19. Recently, a large, nationally representative cohort study was published demonstrating an increase in
mortality in STEMI patients with COVID-19.[6] Relevant literature to date has reported widely varying
estimates of mortality, ranging from approximately 2 times higher odds of mortality in COVID-19-positive
STEMI patients to as much as 11 times higher odds of mortality in this cohort. Hence, we conducted this
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meta-analysis to resolve these inconsistencies and rigorously assess the impact of COVID-19 infection on
mortality and other clinical outcomes in patients presenting with STEMI.

This meta-analysis was registered in PROSPERO (CRD42021297458) and performed according to the
Cochrane Handbook for Systematic Reviews of Interventions.[7] PubMed and Embase were searched
from inception to February 2022 using a search strategy consisting of terms relating to COVID-19, STEMI,
and mortality (Table S1). We also screened reference lists of relevant articles to procure any missed
studies. We included only those studies that compared our primary outcome, in-hospital mortality,
between COVID-19-positive and COVID-19-negative cohorts with primarily out-of-hospital STEMI (Table
S2). We excluded all studies that compared the COVID-19 era with the pre-pandemic era without
considering the COVID-19 status of STEMI patients. The screening and data extraction processes were
independently carried out by two authors. Our secondary outcomes were cardiogenic shock on
presentation, door-to-balloon (D2B) time and length of hospital stay. Data were pooled using a random-
effects model with odds ratios (ORs) and mean differences (MDs) as effect measures. Publication bias
was assessed using Egger’s test for funnel plot asymmetry. RevMan 5.4 and JASP 0.14.1.0 were used for
all analyses. Risk-of-bias assessment was conducted using the Newcastle-Ottawa Scale (NOS)
(Supplementary Methods).

We identi�ed 435 studies through our initial search. After screening according to our eligibility criteria, 11
studies were included. The references of included studies are given in Supplementary References. The
detailed screening process is presented in the PRISMA �ow chart (Figure S1). The characteristics of
included participants are presented in Table S3 of whom 72.0% were male, 44.0% had hypertension,
23.3% had diabetes, and 30.2% were smokers. Most of our studies (n=6) were of high quality, scoring full
nine in NOS while the most common �aw was lack of comparability of cohorts (4 studies: Table S4).
Compared with the non-COVID-19 STEMI patients, in-hospital mortality rate was signi�cantly higher in
COVID-19-positive STEMI patients (OR 4.07; 95% CI: 2.48-6.69, I2 79%, P < 0.00001; Fig. 1a). Similarly, the
risk of cardiogenic shock was signi�cantly higher in the COVID-19-positive patients (OR 1.38; 95% CI:
1.16-1.65, I2 22%, P = 0.0003; Fig. 1b). There was no signi�cant difference in D2B time between the two
cohorts (MD 9.45 minutes, 95% CI: -1.25 to 20.15 minutes, I2 90%, P = 0.08; Fig. 1c). Length of hospital
stay, however, was longer in STEMI patients with COVID-19 (MD 3.29 days, 95% CI: 0.34-6.23 days; I2 97%,
P = 0.03; Fig. 1d). We performed subgroup analyses of in-hospital mortality based on the use of
unadjusted values versus adjusted values and historical versus concurrent cohort in the included studies
(Figures S2 and S3). No signi�cant difference was observed between the subgroups for both analyses.
There was no signi�cant publication bias in our primary outcome according to Egger’s test (P = 0.352;
Figure S4).

To our knowledge, this is the �rst comprehensive meta-analysis investigating in-hospital mortality and
other clinical outcomes in COVID-19-positive STEMI patients. Our results show that the odds of in-
hospital mortality are four times higher in STEMI patients diagnosed with COVID-19 than in those without
a diagnosis of COVID-19. Additionally, COVID-19 infection is associated with a higher risk of cardiogenic
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shock, and an increased length of hospital stay. However, there was no signi�cant difference in D2B time
between the COVID-19 and the non-COVID-19 group.

A previous meta-analysis demonstrated that mortality rates in STEMI patients during the COVID-19
pandemic were higher compared with the pre-pandemic era.[5] However, since the studies included in this
meta-analysis did not assess COVID-19 status, it remains unclear whether the increase in mortality is the
result of pandemic-related dynamics such as patients’ reluctance to seek medical care and overwhelmed
health services or the direct effect of COVID-19 infection. Our meta-analysis differs from previous ones as
it includes an entirely different set of studies by excluding those that did not assess COVID-19 status in
patients presenting with STEMI. COVID-19 is associated with a hyperin�ammatory state causing plaque
disruption along with a pro-thrombotic milieu.[4, 8] In addition, the angiotensin-converting enzyme-2 (ACE-
2) receptor present in cardiomyocytes could be a mediator of direct viral damage to the myocardium.
[9] Accordingly, �ndings from a study have indicated that in the 7 days following COVID-19 diagnosis, the
risk of myocardial infarction is roughly increased twofold.[10] Notably, the large increase in in-hospital
mortality in our study was consistent regardless of the use of a historical or concurrent cohort. This
suggests that COVID-19 infection itself might be a bigger contributor to poorer prognosis in STEMI
patients than de�cient care delivery during the pandemic compared with before the pandemic. Our
�ndings are also in-line with a previous meta-analysis that included a few small studies and reported a
higher risk of mortality in COVID-19-positive STEMI patients.[11] Of note, D2B time did not differ between
the two groups further reinforcing the idea that healthcare restrictions during the pandemic might not
play a major role in the large increase in mortality seen in the COVID-19 group.

There are some limitations of our study including a high risk of confounding bias due to the
observational nature of our included studies. Moreover, there was considerable heterogeneity in all of our
outcomes except cardiogenic shock. We used random-effects models and subgroup analyses to address
this but differences in STEMI management protocols and COVID-19 infection rates between different
regions may limit the interpretation of our results. Additionally, we only included data on primarily out-of-
hospital STEMI but some included patients might have had in-hospital STEMI because only one of our
studies reported separate data regarding in-hospital STEMI. Lastly, there was a lack of long-term
outcomes in our studies which would be needed to completely comprehend the effect of COVID-19
infection in STEMI patients. 

Our study highlights the necessity for early evaluation of COVID-19 status in all STEMI patients followed
by risk strati�cation, prompt reperfusion and more aggressive management of COVID-19-positive
patients. Further research is needed to elucidate the mechanisms behind poorer prognosis in such
patients.
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Figure 1

Forest plots displaying (a) The odds of in-hospital mortality in COVID-19-positive (CP) vs COVID-19-
negative (CN) STEMI patients; (b) The odds of cardiogenic shock on presentation in CP vs CN; (c) The
mean difference for D2B time between CP and CN; (d) The mean difference for the length of hospital stay
between CP and CN
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