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ARTICLE INFO ABSTRACT
Keywords: Background: Discrepant data were reported about hospital admissions for ST-segment elevation myocardial
COVID-19 infarction (STEMI) during COVID-19 pandemic. We reviewed studies reporting STEMI hospitalizations during

Myocardial infarction

COVID-19 pandemic, investigating whether differences in COVID-19 epidemiology or public health-related
Acute coronary syndromes

factors could explain discrepant findings in different countries.

STEMI
Healthcare organization Methods: Search through MedLine, Embase, Scopus, Web-of-Science, Cochrane Register of Controlled Trials, of
Sars-Cov-2 studies comparing STEMI admissions during COVID-19 pandemic with a reference period, without language

restrictions, as registered in PROSPERO International Prospective Register of Systematic Reviews. Preferred
Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) guidelines were followed. Data indepen-
dently extracted by multiple investigators were pooled using a random-effects model. Health-related metrics
were from publicly-available sources.

Results: We included 79 articles (111,557 STEMI cases, from 57 countries). During peak COVID-19 pandemic,
overall incidence rate-ratio (IRR) of STEMI hospitalizations over reference period decreased (0.80; 95% CI
0.76-0.84; p < 0.05). Although wide variations and significant heterogeneity were detected among studies (I =
89%; p < 0.0001), no significant differences were observed by report methodology (survey vs registry), or
observation/reference period. However, large differences emerged at country level not explained by COVID-
related epidemiological data, nor by public health strategies. Instead, IRRs for STEMI admissions were
inversely related to hospital bed availability in each country (p < 0.05).

Conclusions: During COVID-19 pandemic hospitalization for STEMI significantly decreased, although to a smaller
extent than initially reported. Large variability emerged across countries, unrelated to COVID-related epidemi-
ology or social containment measures. Disparities in healthcare organization likely contributed, indicating that
proper organization of emergency medicine should be preserved during pandemics.
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1. Introduction

Coronavirus disease (COVID)-19 syndrome is having a tremendous
health impact worldwide. Being caused by a novel strain of virus (SARS-
CoV-2), many issues still need to be better understood about this disease.
Among them, it would be important to analyze the impact of COVID-19
on acute coronary syndromes (ACS). Several features of SARS-CoV-2
infection would lead to predict that COVID-19 might be associated
with increased incidence of ACS, including: a) large-series observations
[1-5], and a huge autopsy-confirmed study [6], showing a several-fold
increase in the incidence of acute myocardial infarction synchronous
with outbreaks of respiratory virus infections; b) evidence of intravas-
cular coagulation, platelet activation, and arterial thrombosis in COVID-
19 patients [7-11]; ¢) demonstration of prothrombotic autoantibodies in
the serum of COVID-19 patients [12]; d) evidence of SARS-CoV-2
localization in the endothelium, and vasculitis [10,13].

However, despite these premises, early reports described a sharp
decrease in hospital admissions for ST-segment elevation myocardial
infarction (STEMI) during COVID-19 pandemic, around 50% or more
compared to historical series [14-18], stirring much interest and
concern, even among lay press [19,20]. In contrast, other studies indi-
cated only modest (<5%) or no decrease [21-26], or even substantial
increase [27-35] in STEMI admissions during COVID-19 pandemic.

Being able to more accurately estimate the true effect of COVID-19
pandemic on STEMI hospitalizations across countries, and the poten-
tial role on it of differences in COVID-19 epidemiology and public
health-related parameters, is a relevant and timely topic. On the one
hand, it might shed light on the pathophysiology of ACS in the context of
SARS-CoV-2 infection; even more importantly, understanding how a
pandemic impacts STEMI hospitalizations could translate into better
organization of delivery of care for this life-threatening condition, and
spur optimal preparedness for possible future pandemics. Accordingly,
the purpose of this study was to thoroughly review all available infor-
mation with respect to the incidence of STEMI hospitalizations during
COVID-19 pandemic, worldwide, and meta-analyze differences from
previous years. Possible factors underlying discrepant results were also
evaluated.

2. Methods

The study was conducted following the Preferred Reporting Items for
Systematic Reviews and Meta-analysis (PRISMA) guidelines; the proto-
col was registered in PROSPERO International Prospective Register of
Systematic Reviews (ID: CRD42020188198). Ethics Committee approval
was not required as the study does not involve human participants,
being based on metanalysis of aggregated published data.

2.1. Search strategy and selection of studies

A systematic search of major bibliographic databases [MedLine,
Embase, Scopus, Web of Science, Cochrane Central Register of
Controlled Trials (CENTRAL)] was performed independently by two
researchers (F.S., M.D.) up to November 17th, 2020, without language
restrictions. Comprehensive search criteria were used to identify articles
addressing the impact of COVID-19 outbreak on admission for STEMIL.
The following terms were used for search: “covid”, “covid-19”, “sars-
cov”, “sars-cov-2”, “coronavirus”, AND “ST-segment elevation myocardial
infarction”, or “STEMI”, or “cardiovascular disease”, or “acute coronary
syndrome”, or “myocardial infarction*” (Supplementary Table 1),
following PICOS (Population, Intervention, Comparison, Outcome,
Study) design format (Supplementary Table 2). Reference lists of eligible
studies were also screened for additional studies. As many reports were
not published as full papers, research letters on the topic were also
screened. Online translation tools and language skills of colleagues were
used for articles published in languages other than English.

Two investigators (F.S., M.D.) independently screened the database
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search for titles and abstracts. Studies that reported number of STEMI
hospitalizations during the COVID-19 outbreak and number of STEMI
hospitalizations during a reference period were considered eligible.
Decision to include the studies was based on title, abstract (when
available), and full-text screening.

2.2. Data extraction

Two investigators (M.D., F.S.) independently extracted relevant in-
formation from each eligible study using a standardized data extraction
form. Disagreements were resolved by consensus, or by a third investi-
gator (G.A.) if consensus could not be reached. Extracted data included:
first author, year of publication, country of study, enrollment sites,
number of days during observation period and during reference period,
number of cases during observation and reference period, incidence rate
(IR) per-day during observation period and during reference period,
incidence rate ratio (IRR) with their 95% CIs. When multiple reference
periods were reported, we chose the same period of different years as
reference; in case of multiple-year comparison, the entire period was
taken as reference.

2.3. Assessment of methodological quality

Two investigators (F.S., M.D.) independently assessed the method-
ological quality of each study using the STROBE checklist for observa-
tional studies [36]. The total number of items on the STROBE checklist
was 22. If an item was not applicable due to study design, it was scored
as ‘not applicable’. Disagreements were resolved by consensus, or by a
third investigator (G.A.) if consensus could not be reached.

2.4. Public health-related metrics

To estimate the overall health impact of COVID-19 epidemic, for
each country we retrieved (relative to the date of observation of each
study) [37-41]: a) number of SARS-CoV-2 positive cases; b) number of
COVID-19 deaths; c) SARS-CoV-2 reproduction rate (to estimate time-
course and severity of the epidemic); d) “stringency index” of lock-
down measures (based on rigorously defined parameters, measured in a
comparable way across countries); e) population density; f) gross do-
mestic product/per capita; g) cardiovascular death rate; h) health
development index; i) number of hospital beds/1000 inhabitants (see
also Supplement).

2.5. Statistical analysis

Publication data were analyzed using Review Manager (RevMan 5.3
for Macintosh; Copenhagen, Denmark). For each study, results were
reported as IR, and IRR of IR during observation period over IR during
reference period. A random-effects model (DerSimonian and Laird
method), which accounts for inter-study variation and provides a more
conservative effect than the fixed-effect model, was used. Pooled results
were reported as IRRs, and presented with 95% confidence intervals
(CIs) with 2-sided P values. A P value < 0.05 was considered significant.

The studies were also grouped per country. Statistical heterogeneity
among studies was estimated using the Chi-square Cochran’s Q-test with
12 statistic, which provides an estimate of the amount of variance due to
heterogeneity rather than sampling error. Where I? exceeded 50%,
heterogeneity was considered substantial.

Subgroup analyses were performed to explore the source of the
heterogeneity, according to several characteristics of each study
[Enrolment (hospitals vs. registries); timing of observation period
(February-April vs. January-May); length of observation period (<53 vs
>53 days); reference period: inter-year (same period in different years)
vs. intra-year (different period of same year, or different periods of
different years); study quality (high; medium; low)]; public health-
related metrics. The possibility of publication bias was explored by
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visual inspection of funnel plot of the effect size against the inverse of
the standard error. Meta-regression models were formed to explore and
identify potential effect modifiers among public-health metrics. To
control for false-positive findings (type I error), when performing meta-
regression with multiple covariates, we used a test based on random
permutations to calculate and report multiplicity-adjusted p-values (See
Supplementary Material).

3. Results
3.1. Literature search

The search strategy yielded 18,366 references. After duplicate
removal, and title and abstract screening, 216 articles were selected, of
which 79 were included in the analysis after full text assessment (Sup-
plementary Fig. 1; References in Supplement).

3.2. Characteristics of studies

Overall, studies reported data from 57 countries (Fig. 1; Supple-
mentary Table 3). Of the 79 available articles, 5 reported a drastic,
>50% decrease in STEMI hospitalizations; in contrast, 6 articles re-
ported no or modest decrease (0% to 5%), and 9 actually described an
increase in STEMI hospitalizations compared with the reference period
(Supplementary Table 3).

For 69 reports, data were collected through “ad hoc” surveys of
selected hospitals, whereas 10 studies reported data obtained from
already ongoing registries or health-insurance funds. Fifty-five studies
chose a narrower observation timing (Mid-February-April 2020),
whereas 24 included January and/or May 2020, observation period
ranging from 7 to 152 days (mean 53 days). Regarding the reference
period, different selection methods were found: a) same period of year
2019; b) a period immediately preceding observation period; c) average
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of same period of previous years. Mean duration of reference period was
147 days.

Overall analysis includes a total of 48,396 STEMI cases during
observation period, and 63,161 cases during reference period. Based on
STROBE checklist, quality was high in 43 studies (54.4%), moderate in 8
studies (10.1%) and low in 28 studies (35.4%) (Supplementary Table 3).

3.3. Meta-analytic results

The IRR under a random-effects model reported a significant
reduction in the number of hospitalizations for STEMI (0.80, 95% CI
0.76-0.84; p < 0.0001) during peak COVID-19 epidemic compared with
the reference period (Supplementary Fig. 2). However, substantial de-
gree of heterogeneity was found (2 = 89%; p < 0.0001).

Country specific analyses are shown in Fig. 2a-c. Overall, around
20% reduction in STEMI hospitalizations was reported for Europe (0.81,
95% CI 0.76-0.86; p < 0.0001), Asia-Pacific and Middle East (0.83, 95%
CI 0.75-0.91), and North, Central, and South America (NCSA) region
(0.76, 95% CI 0.66-0.86) (all p < 0.0001). Latin America countries re-
ported the largest decrease in STEMI hospitalizations (>50%), whereas
France, Denmark, and South-East Asia reported no appreciable decrease.
Country-wise, low or no heterogeneity (¥ < 50%) was observed for
Germany, Spain, Austria, Greece, China.

3.4. Subgroup analyses and publication bias

Stratifying studies on the basis of several variables to detect possible
sources of heterogeneity, revealed no significant differences according
to: type of reporting (“ad hoc” surveys or registries), observation or
reference period, study quality; importantly, similar decrease in STEMI
admissions was observed when 55 studies reporting narrower observa-
tion periods, bracketing Mid-February-April were analyzed (IRR 0.77,
0.72-0.81; Supplementary Table 4). Possible presence of publication

Fig. 1. Geographical distribution of papers reporting STEMI admission data during COVID-19 pandemic.
World map highlighting (in red) all 57 countries for which STEMI admission data during COVID-19 pandemic peak were reported and utilized for this meta-analysis.
(For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Fig. 2. Meta-analysis of all papers reporting STEMI admission data during COVID-19 pandemic, grouped by geographic areas.
Each panel shows Forest plot of studies reporting STEMI hospitalizations during the COVID-19 peak compared to the control period in: European countries (2a); Asia-

Pacific and Middle East (2b); North-Central-South America (NCSA) (2¢).

Note: a) variability of results within the same geographical area; b) marked differences among different countries.

bias among studies was assessed through funnel plot estimate of effect
size vs. standard error, which reported an asymmetrical visual exami-
nation (Supplementary Fig. 3).

3.5. Public health-related metrics

Possible effects of various public health metrics during peak COVID-
19 pandemic on STEMI admissions in the various countries were also
investigated. We found no statistical evidence supporting an effect of:
SARS-CoV-2 positive cases or deaths, SARS-CoV-2 reproduction rate,
“stringency index” of lockdown measures, population density, gross
domestic product per capita, health development index, or cardiovas-
cular death rate (Table 1a).

However, IRR was inversely and significantly related to hospital bed
availability in the various countries (Table 1b; Fig. 3).
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4. Discussion

This study documents that during the first peak of COVID-19
pandemic there has been a significant decrease in STEMI hospitaliza-
tions worldwide. However, the magnitude of decrease was of a lesser
extent than initially described. Most importantly, substantial differences
emerged among different studies and countries. Through a meta-
analytical approach of a large number of reports, including >100,000
cases from 57 countries, and systematic assessment of various health-
related metrics, a clearer picture emerges of an issue that has remark-
able implications, both with respect to clinical medicine and to health
care organization.

In the aftermath of the spread of SARS-CoV-2 infection, reports
emerged of a dramatic decrease in hospital admissions for STEMI. These
observations generated enormous interest in the medical community,
and also in the lay press [19,20], yielding a number of reports which
however widely differ with respect to the methodology employed to
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Table 1a
Public health variables in the various countries that did not contribute to the
variance of IRR for STEMI explained by the meta-regression model.

Variable IRR 95% CIs Unadjusted p-  Multiplicity
value adjusted p-value

Total SARS-Cov-2 1.000  1.000-1.000  0.374 0.550
positive cases

Total SARS-Cov-2 1.000 1.000-1.000  0.407 0.743
deaths

SARS-Cov-2 0.839  0.691-1.018  0.063 0.075
reproduction rate

Stringency index 1.001 0.995-1.007  0.140 0.802

Population density 1.000  1.000-1.000  0.597 0.696

Gross domestic 1.000  1.000-1.000  0.576 0.688
product per capita

Cardiovascular 1.000  0.999-1.001 0.607 0.942
death rate

Human 1.370 0.428-4.383 0.331 0.591
development
index

IRR: Incidence rate ratio; CI: Confidence interval.

Table 1b
IRR for STEMI in Relation to Explanatory Variables in the various countries
explained by the meta-regression model (see also Fig. 3).

Variable IRR 95% CIs Unadjusted p- Multiplicity
value adjusted p-value
Intercept 0.662  0.563-0.779  <0.001 <0.001
Hospital beds/ 1.046  1.008-1.085  0.009 0.017
1000
inhabitants

IRR: Incidence rate ratio; CI: Confidence interval.

Test of Moderators effect: F = 6.0450, p = 0.0165.
Proportion of heterogeneity accounted for: 12.89%.

Test for Residual Heterogeneity: Q = 569.698, p < 0.0001.

collect information, ranging from solidly-structured national/multi-
hospital registries, to quick surveys of a few hospitals, to even Twitter
polls [42]. Perhaps not surprisingly, this approach yielded uncertainty,
admission rates for STEMI ranging from an appalling >50% decrease
[14-18], to modest changes or even a substantial increase [21-35].

Several factors may have contributed to the uncertainties about
STEMI hospitalization data during COVID-19 pandemic. First, in the
wake of the pandemic countless articles on COVID-19 appeared, raising
concerns about lack of in-depth review; indeed, that in such a short time
we retrieved as many as 79 reports, many of whom brief research letters,
hints to this potential problem. Secondly, surveys launched “on the heat
of the moment” might lack the depth and rigor found in solidly-
structured, long-running registries. Thirdly, while registries have a sta-
ble referral base including most sites with certain characteristics, sur-
veys only provide data on those hospitals that were asked, and agreed, to
contribute. Fourthly, while the observation period was obviously
centered around peak COVID-19, its width spanned differently across
reports, while time periods chosen as reference could also differ. Finally,
of even greater relevance, differences across countries in STEMI hospi-
talization might be traced to differences in the epidemiology of COVID-
19 epidemic, lockdown measures, health organization policies.

In light of largely discrepant reports, these various factors indicate
the need for a thorough, systematic assessment of the true impact of
COVID-19 pandemic on STEMI hospitalizations. This information would
have important implications in terms of understanding the conse-
quences of SARS-CoV-2 infection not only at the level of individual
patients, but also in terms of overall health care organization strategies,
and ability to cope with farther-reaching consequences of a pandemic.

We specifically focused on STEMIs, for several reasons. First, it is a
simple, unequivocal diagnosis, which can be easily reached “on the
field”. Secondly, most countries had a centralized hub-and-spoke
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Fig. 3. Impact of hospital bed availability per country on STEMI hospitaliza-
tions during COVID-19 pandemic.

Meta-regression of number of hospital beds/1000 inhabitants (X-axis) vs inci-
dence rate ratio (IRR) of STEMI hospitalizations in each country during peak
COVID-19 pandemic, relative to reference period (Y-axis). Circles represent
individual studies; diameter is proportional to the inverse of the variance of the
IRRs (p < 0.017). See Table 2 for details.

Note the inverse relationship between bed availability and STEMI hospitaliza-
tion, which stayed around historical levels in countries with greater bed
availability, while it sharply decreased along with bed availability, suggesting
an important role of health organization.

organization for STEMI management, which allows to keep track of
cases, while changes in the organization of emergency medicine as a
consequence of the pandemic are easily detectable. Finally, several long-
running registries were already in place for STEMIs.

Through a large meta-analysis, we document a 20% decrease in
STEMI hospitalizations during the first peak of COVID-19 pandemic,
worldwide. While significant, this is a sobering finding compared to
reports of dramatic, >50% decrease. At the same time, it curbs the
relevance of reports showing instead no impact of COVID-19 on STEMI
hospitalizations. Importantly, our meta-analysis may allay concerns
attributable to data reporting. From our sub-analyses, around 20%
decrease in STEMI hospitalizations was consistently seen regardless of
data type (surveys vs. registries), timing of observation period (narrower
or broader), or reference period. Furthermore, through STROBE
approach we estimated the quality of reports to be high in 54.4% of
publications; although it was moderate or low in 45.6% of publications,
this did not have an impact on overall results.

At the same time, our analysis also shows some unexpected results. A
major finding is the notable differences in STEMI admission rate in some
countries. For example, >50% decrease was reported for Latin America;
although this finding comes from a single report [15], it should not be
dismissed lightly, as it is based on 1211 cases accrued from 79 hospitals
in 19 countries. In contrast, other countries (e.g., France, Denmark,
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Hong-Kong, Singapore, Taiwan) report no appreciable decrease in
STEMI hospitalizations, which distinguishes them from their immediate
neighboring countries, suggesting that differences in admissions could
not be traced to geography or ethnicity. Furthermore, contrary to what
might have been anticipated, COVID-related epidemiological metrics,
and social policy parameters (e.g., lockdown measures), were not
associated with different incidence of STEMI hospitalization across
countries. Instead, different organization of emergency medicine pro-
grams and/or of hospital operation during the pandemic might have
played a role.

For example, the hub-and-spoke organization dealing with STEMIs
may have been subverted to address the exceptional hospital bed needs
imposed by the COVID-19 pandemic. In some countries, many hospitals
had been designated “COVID-only”, admitting only COVID-positive
patients and shunting away all other patients, whereas other hospitals
had been granted “COVID-free” status, thus admitting also patients
usually referred to other hospitals. Consequently, data from either type
of hospital may have shown disproportionately lower, or higher, ad-
missions for STEMI than previously, just because of this change in
admission strategy. This is reflected in the papers by Cosentino et al.
[29], Trabattoni et al. [30] (from Italy), and Legutko et al. from Poland
[35]; while reporting a large increase in STEMI admissions over the
corresponding reference period (74%, 137%, and 106%, respectively),
those authors specify that their emergency departments had been re-
fitted to accept STEMIs from hospitals outside their network. Refitting,
or conversely preclusion to accept STEMIs, may have occurred also in
other hospitals, either way affecting historical comparison of STEMI
admissions. Different implementation of this policy across countries, or
variable sampling of such hospitals across reports, may have affected
surveys.

In principle, it cannot be excluded that a real decrease in STEMI
incidence occurred, as a consequence of in-home-bound subjects being
less exposed to external triggers of acute coronary events (pollution,
work-place stress), or achieving lower blood pressure or better medi-
cation compliance [43]. Conversely, it has been suggested that some
STEMI patients simply did not present at the hospital. There has been
much speculation about unintended consequences of “stay-at-home”
orders which may have inadvertently resulted in patients not seeking
medical care, or of COVID-19 health warnings making patients fearful of
infection, thus avoiding hospital help [44,45]. Yet, our data indicate that
COVID infection rate, or degree of lockdown measures did not influence
STEMI hospitalization in the various countries.

Our data, instead, reveal that STEMI hospitalizations plummeted in
countries with lower hospital bed availability, whereas they stayed
around historical levels in countries with much greater bed availability,
suggesting that hospital beds had been overwhelmed with COVID-19
patients, and/or that intensive/coronary care units had been con-
verted into COVID intensive care beds. This interpretation is supported
by recent data documenting -among possible causes for discrepant
COVID-19 mortality across countries- that case-fatality rate associated
with COVID-19 was negatively associated with number of hospital beds
%1000 inhabitants, similar to our findings [46,47]. Higher cases of out-
of-hospital cardiac arrest during COVID-19 pandemic [48,49] lend
further credence to the concerns about logistic hurdles (e.g., ambulance
services overloaded with COVID-19 cases) being a factor behind reduced
STEMI admission in some areas.

Collectively, these considerations indicate that public health strate-
gies to cope with a pandemic, and overall health care organization, may
be an issue of concern deserving further investigation.

5. Limitations

Our meta-analysis has limitations, inherent in data collected in the
midst of a pandemic; however, through separate sub-analysis we could
ascertain that findings from ad-hoc surveys were comparable to those
obtained from solid registries. Also, differences in length or timing of
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observation period did not affect the results, as most (55 out of 79)
studies investigated a narrow time-window (Mid-February-April), which
bracketed the first peak of COVID-19 pandemic. Finally, we analyzed
bed availability data at country level, not at hospital level.

6. Conclusions

This large meta-analysis shows that STEMI hospitalizations
decreased significantly during COVID-19 pandemic. However, the
magnitude of the phenomenon was decidedly less than initially feared,
and sometimes substantially different among countries. Proper func-
tioning of hospital services, and of hub-and-spoke approach to STEMI,
along with adequate public information, should be pursued to effec-
tively deal with acute coronary events during a pandemic.
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