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Aims The COVID-19 pandemic has resulted in excess mortality due to both COVID-19 directly and other conditions,
including cardiovascular (CV) disease. We aimed to explore the excess in-hospital mortality, unrelated to COVID-
19 infection, across a range of CV diseases.

...................................................................................................................................................................................................
Methods and
results

A systematic search was performed for studies investigating in-hospital mortality among patients admitted with CV
disease without SARS-CoV-2 infection compared with a period outside the COVID-19 pandemic. Fifteen studies
on 27 421 patients with CV disease were included in the analysis. The average in-hospital mortality rate was 10.4%
(n = 974) in the COVID-19 group and 5.7% (n = 1026) in the comparator group. Compared with periods outside
the COVID-19 pandemic, the pooled risk ratio (RR) demonstrated increased in-hospital mortality by 62% during
COVID-19 [95% confidence interval (CI) 1.20–2.20, P = 0.002]. Studies with a decline in admission rate >50% dur-
ing the COVID-19 pandemic observed the greatest increase in mortality compared with those with <50% reduc-
tion [RR 2.74 (95% CI 2.43–3.10) vs. 1.21 (95% CI 1.07–1.37), P < 0.001]. The observed increased mortality was
consistent across different CV conditions (P = 0.74 for interaction).

...................................................................................................................................................................................................
Conclusions In-hospital mortality among patients admitted with CV diseases was increased relative to periods outside the pan-

demic, independent of co-infection with COVID-19. This effect was larger in studies with the biggest decline in ad-
mission rates, suggesting a sicker cohort of patients in this period. However, studies were generally poorly con-
ducted, and there is a need for further well-designed studies to establish the full extent of mortality not directly
related to COVID-19 infection.
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Introduction

The COVID-19 pandemic has directly caused significant excess mor-
tality on a global scale, accounting for �2.5 million deaths.1

Moreover, the pandemic has resulted in excess mortality beyond
those infected by the SARS-CoV2 virus. There is emerging evidence
that cardiovascular (CV) mortality has increased during the pandem-
ic, independent of COVID infection.2–4 This has been attributed to

several factors, including patients avoiding healthcare environments
to avoid nosocomial infection with SARS-CoV2, redeployment of
specialist healthcare staff to support COVID-19 services, and
reduced availability of routine investigations and procedures.5

However, most studies evaluating this question have been small and
underpowered to detect significant changes in mortality, and the col-
lateral impact of the pandemic on patients with CV disease remains
unclear.
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The aim of this meta-analysis is to quantify the reported effects of

the COVID-19 pandemic on in-hospital mortality in patients admit-
ted with CV disease but without SARS-CoV2 infection. Furthermore,
we aimed to examine the determinants of outcomes compared with
periods outside the pandemic.

Methods

Search strategy and eligibility criteria
The project was performed in accordance with Preferred Reporting
Items for Systematic reviews and Meta-Analyses (PRISMA) guidelines.6 A
systematic search of Medline (2016 to January Week 2 2021) and Embase
(1974–2021 Week 1) was performed on 16 January 2021. The literature
search was developed in an iterative manner by D.I.B. and A.D. using pre-
viously published guidelines.7–9 The search strategy included keywords
and MeSH terms relating to CV disease, COVID-19, and in-hospital mor-
tality (Supplementary material online). The search was limited to reports
available in English due to time constraints and lack of access to transla-
tors. Review or commentary articles, abstracts, unpublished material, and
reports without available full text were excluded. Duplicates were
removed using Endnote (Thomas Reuters, USA) and all remaining results
subjected to eligibility screening.

Study eligibility criteria were selected using PICOS criteria.10

Observational studies of humans with CV disease were included if they
reported in-hospital mortality during the COVID-19 pandemic, compared
with a period outside the pandemic, regardless of any service changes during
the pandemic. Exclusion criteria were: firstly, studies that did not report abso-
lute numbers for admissions and mortality; secondly, studies that included or
did not specifically exclude patients with concomitant COVID-19 infection;
thirdly, studies of stroke, cardiac surgery, vascular disease, or congenital heart
disease; finally, studies including outpatients.

For this analysis, there was no involvement of patients and public. The
research complies with the Declaration of Helsinki and ethical approval
was not needed.

Data collection, synthesis, and study quality
Retrieved records were screened for eligibility using the title and abstract.
Next, eligibility assessment was performed, independently and un-
blinded, by A.C. and D.I.B. Disagreements were resolved by examining
the full text of the article and a consensus between reviewers in all cases
were reached. Admission rates and basic demographic variables (age and
sex) were extracted, independently and un-blinded, by A.C. and D.I.B.
We attempted to acquire key missing information by contacting the re-
port authors.11 A full list of assumptions is available in the Supplementary
material online.

Risk of bias
The risk of bias was assessed for each report using the ROBINS-I tool.12

This validated tool evaluates the risk of bias in estimates of the compara-
tive effectiveness of interventions from reports that do not use random-
ization. The relevant confounding domains were defined a priori and
included patient demographics, use of a matched comparator period, se-
lection of specific CV diagnoses, CV disease severity, and comorbidities.
The treatment received by patients was considered as a co-intervention
that could be different between groups. All bias domains were assessed
for each report using the signalling questions provided by the tool. The
judgements made within each bias domain were used to determine an
overall risk of bias score. Missing information provided by report authors,
but not included in the published report, was considered as part of the

risk of bias assessment, which may not be reflected in the published study.
Reports with critical risk of bias were excluded. The risk of bias was
assessed independently from other assessors and data extraction in an
un-blinded manner by S.A.W. and P.A.S. Disagreements were resolved
by consensus or discussion with the senior author.

Outcomes and statistical methods
The a priori primary outcome was in-hospital mortality. Absolute admis-
sion rates and in-hospital mortality were collected for each period and
used to calculate a risk ratio (RR). We assumed heterogeneity between
studies and pooled in-hospital mortality rates using random-effects meta-
analysis, using the method of DerSimonian and Laird.13 Pooled in-hospital
mortality rates were compared using the RR and corresponding 95%
confidence interval (CI).

Heterogeneity was quantified using v2, s2, and I2 tests. We considered
heterogeneity to be significant if I2 > 75%.14,15 To investigate sources of
heterogeneity, the outcome was assessed in pre-defined subgroups and
quality indicators, including change in admission rate between the
COVID-19 and comparator periods, where a decline in admissions
greater than 50% was used as the cut-off, presence or absence of
matched comparator periods, CV condition, geographical location (by
continent and by country), and risk of bias.

Publication bias was assessed graphically by generating a funnel plot of
the logarithm of effect size against the standard error for each trial.
Variables are expressed as median and interquartile range (IQR), or count
and percentage, as appropriate. A two-tailed P-value of 0.01 was consid-
ered statistically significant. All analyses were performed with Review
Manager 5.3 (Copenhagen: The Nordic Cochrane Centre, The Cochrane
Collaboration, 2014) or IBM SPSS Statistics Version 25.0 (IBM Corp.,
Armonk, NY, USA).

Results

Study characteristics
The systematic search identified 433 references and retained 394
after the removal of duplicates (Figure 1). Following screening of title
and abstract, 80 reports underwent full-text review for eligibility. Of
these, 23 were excluded because they either included or did not spe-
cifically exclude patients with concurrent COVID-19, 6 included out-
patients, 5 did not report a mortality endpoint, 2 had no comparison
group, 1 did not report total admissions, and 1 included a non-eligible
condition (stroke). In addition, 21 reports were excluded as they
were not primary research articles, 1 reported a matched population,
1 did not have full text available, 1 was retracted,16 and 3 were dupli-
cate references.

The remaining 15 studies were included in our review (Figure 1).
The main study characteristics are described in Table 1. Of these, the
majority were from Europe with one from Australia17 and two from
Asia.18,19 One reported overall CV disease, which included heart fail-
ure (HF), acute myocardial infarction, and arrhythmias,20 eight
described acute coronary syndromes (ACS), and six described HF.
Most studies used the same period in a preceding year for compari-
son, to account for seasonal variability. However, three used a differ-
ent period,18,19,21 and two used composite numbers for different
periods over previous years.17,22

The majority of studies reported a decline in admission rate
during the COVID-19 pandemic, ranging from a 1%23 to 81%19

reduction, with only four reporting an increase in admission
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.rate.18,20,22,24 The mean age of patients was 68 years in both
COVID-19 and comparator cohorts and the percentage of male
patients was 68% and 67%, respectively. The median length of
the COVID-19 observation period was 55 [IQR 30–54] days
compared with 60 [IQR 30–120] days in the comparator
period.

Study quality
We classified 12 studies as being at serious risk of bias due to con-
founding and 3 studies to be at moderate risk (Figure 2). The princi-
pal reason for the elevated risk of bias was the use of non-
equivalent comparator periods in 33% of studies. All studies were
at low risk of bias according to the selection of participants into
the study, deviation from intended interventions, measurement of
outcomes, and selective reporting. One study had moderate risk
of bias due to the classification of interventions, specifically due to
the absence of justification for the selected time period.25 One had
severe25 and three moderate risk of bias17,19,24 due to missing data
or the potential for missing data. All other domains were at low
risk of bias.

Quantitative synthesis
A total of 9322 and 18 009 admissions were included in the COVID-
19 and comparator groups, respectively. Of these, 974 (10.4%) died
in hospital in the COVID-19 group and 1026 (5.7%) in the compara-
tor group. Overall, there was a significant 62% increase in in-hospital
mortality in the COVID-19 period compared with the control period
(RR 1.62, 95% CI 1.20–2.20, P = 0.002; Figure 3). Significant hetero-
geneity was observed in the pooled analysis (s2 0.22 and I2 85%,
P < 0.001). The funnel plot was symmetrical, demonstrating no evi-
dence of significant publication bias (Figure 5).

Subgroup analysis
We performed pre-specified subgroup analysis according to the
change in admission rate between the COVID-19 and comparator
periods. This showed that studies with a drop in admission rate
>50% (n = 3) had a significantly greater increase in mortality com-
pared with those with <50% reduction (n = 12) [RR 2.74 (95% CI
2.43–3.10) vs. 1.21 (95% CI 1.07–1.37, P < 0.001]. This result also
demonstrated that the heterogeneity observed in the overall pooled
analysis was sensitive to changes in admission rate. Excluding the

Figure 1 Flow chart of the study selection process. A systematic review yielded 433 reports. After the removal of duplicates and the application of
inclusion and exclusion criteria, 15 studies were included in the meta-analysis.

1268 A. Cannata et al.
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Table 1 Characteristics of the included studies.

Comparator period COVID-19 period

First author Journal Country Condition Period

(days)

Mortality

(n)

Total

admissions

(n)

Mean

age

Male

(%)

Daily

admissions (n)

Period

(days)

Mortality

(n)

Total

admissions

(n)

Mean

age

Male

(%)

Daily

admissions (n)

Difference in

admissions (%)

Comparator

perioda

Cannata Eur J Heart FailureUK HF 158 67 794 77 54 5 159 62 578 78 50 4 �28 1

Chew Circ J Singapore STEMI 128 12 208 57 64 2 53 4 95 59 57 2 10 2

Choudhary Emerg Med J India ACS 30 40 1488 61 71 50 30 21 289 62 89 10 �81 2

Colivicchi J Cardiac Fail Italy HF 59 382 6060 73 57 103 60 466 2711 78 79 45 �56 1

Cosentino EHJ CV Pharma Italy STEMI 73 2 43 65 47 1 74 15 76 64 83 1 74 1

Coughlan IJC Heart Vasc Republic of IrelandSTEMI 21 0 14 59 100 1 21 2 9 58 55 0 �36 1

De Rosa Eur Heart J Italy ACS 7 17 618 67 72 88 7 25 286 68 76 41 �54 1

Doolub ESC HF UK HF 55 16 160 82 51 3 55 21 112 80 59 2 �30 2

Konig Eur J Heart FailureGermany HF 69 288 4799 n/a 48 70 69 242 3501 n/a 50 51 �27 1

Little Open Heart UK STEMI 60 38 440 63 78 7 60 28 302 63 80 5 �31 1

Popovic Cath CV Interv France STEMI 3652 67 1552 60 76 0 74 4 72 63 74 1 129 3

Rodriguez-LeorRev Esp Cardio Spain STEMI 29 67 1305 64 78 45 29 61 946 63 78 33 �28 1

Salzano Eur J Heart Failure Italy HF 54 3 104 68 82 2 54 2 103 68 82 2 �1 1

Toner JACC HF Australia HF 120 13 217 80 52 2 30 3 32 80 44 1 �41 3

Zorzi J Cardiovasc Med Italy Cardiovascular91 14 207 69 68 2 91 18 210 70 69 2 1 1

aComparator (1 = same period different year, 2 = different period, 3 = different periods summed).
ACS, acute coronary syndrome; HF, heart failure; STEMI, ST-elevation myocardial infarction.
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Figure 2 ROBINS-I risk of bias score. The risk of bias was assessed using the ROBINS-I tool (A). Confounding domain scores are shown in (B).

Figure 3 Summary plot of meta-analysis of in-hospital mortality. Forest plot of the effect of the COVID-19 pandemic on in-hospital mortality,
pooled using random-effects meta-analysis. Overall, 15 studies were included. The diamonds represent the pooled difference using a random-effects
model. I2 is the percentage of total variation across studies due to heterogeneity. CI, confidence interval.

1270 A. Cannata et al.



..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

.
three studies with a >50% drop in admission rate abolished the het-
erogeneity (s2 <0.01 and I2 0%) but had no effect on the overall result
[RR 1.21 (95% CI 1.05–1.39), P = 0.01, Supplementary material on-
line, Figure S1].

Other subgroup analyses did not explain the heterogeneity found
in the overall analysis and, other than the risk of bias analysis, demon-
strated consistent results within subgroups (Figure 4). We observed
no difference in RR between studies using the same or different com-
parator periods, to account for seasonal variation [1.61 (95% CI
1.10–2.36) and 1.77 (95% CI 1.17–2.68), respectively, P = 0.75], or
between different CV diseases at presentation [ACS 1.72 (95% CI
1.14–2.60), HF 1.56 (95 CI 0.95–2.56) and studies investigating com-
bined CV conditions 1.27 (95% CI 0.65–2.48), P = 0.74].
Furthermore, the finding of increased in-hospital mortality was con-
sistent across all geographical locations [Europe RR 1.61 (95% CI
1.15–2.26), Asia 1.54 (95 CI 0.43–5.58) and Australia 1.56 (95% CI
0.47–5.19), P = 1.00]. All countries, other than Singapore, where
there was only one small study (n = 303), had higher in-hospital mor-
tality during than pre-COVID and there was no clear relationship be-
tween the incidence of COVID infection (cases/million) and the
increase in in-hospital mortality in each country. However, the num-
ber of studies per country was too small to draw any firm conclu-
sions. However, studies with severe risk of bias described a greater
risk of in-hospital mortality compared with those with moderate risk

of bias [RR 1.84 (95% CI 1.33–2.54) vs. 1.15 (95 CI 0.99–1.34), re-
spectively, P = 0.01].

Discussion

The main finding of our study is that during the COVID-19 pan-
demic, in-hospital mortality for patients admitted with CV condi-
tions, but not infected with SARS-CoV2, increased significantly.
Based on data from 15 studies and 27 331 admissions, we found
that mortality was 62% higher during COVID-19 compared with
pre-pandemic levels.

To our knowledge, this is the first meta-analysis to investigate
in-hospital mortality for CV conditions during the COVID-19
pandemic. Several previous studies have evaluated the impact of
COVID-19 on in-hospital CV mortality, with mixed results.3,4,26

Moreover, many reports have been significantly confounded by
the COVID-19 status of the included patients, as SARS-CoV-2
infection is itself associated with a high case fatality rate, especial-
ly in patients with CV comorbidities.27,28 Importantly, in our ana-
lysis, we were careful to exclude studies where concurrent
COVID-19 was not specifically excluded.

We observed high levels of methodological heterogeneity be-
tween the included studies. However, despite this heterogeneity, al-
most all studies reported similar findings—an increase in CV
mortality during the COVID pandemic. Using subgroup analysis, we
evaluated the impact of the underlying CV condition, geographical lo-
cation, and comparator period. Increased in-hospital mortality during
the COVID-19 pandemic was consistent across all tested subgroups,
including the underlying cardiac condition, with comparable mortality
increases in both ACS and HF. Furthermore, the use of non-matched
comparator periods did not alter the overall effect, suggesting
increased in-hospital CV mortality during the pandemic regardless of
confounding due to seasonal variation.

Most studies reported a decline in hospital admissions for CV dis-
ease, which is consistent with other reports in both CV disease and
other conditions.29–32 We also performed subgroup analysis evaluat-
ing the effect of the change in admission rate on CV mortality. In stud-
ies reporting a decline in admissions of >50% during the COVID-19
pandemic (n = 3), the CV mortality rate was significantly higher than
those with lower reductions in admission rate (n = 12). Excluding
these three studies from the analysis abolished statistical heterogen-
eity in the remaining 12 studies without impacting the overall pooled
result, which remained significant. Our finding of a significant relation-
ship between change in admission rate and observed in-hospital CV
mortality rate is important. More extreme declines in hospital admis-
sion rate may reflect patients with less severe disease staying at
home, and hospital admissions including a smaller number of sicker
patients with a resulting higher in-hospital mortality rate. This obser-
vation, at least in part, may underlie some of the observed increase in
CV mortality seen in our analysis and warrants further investigation,
including changes in mortality at community level.

The SARS-CoV2 pandemic has had an enormous impact on
healthcare systems and, consequently, on the care of people with
conditions other than COVID-19, including CV diseases.33–35 There
has been widespread redeployment of specialist healthcare staff to
support COVID-19 services, and a reduced availability of routine CV

Figure 4 Summary forest plot of subgroup analyses. Summary
forest plot of subgroup analyses, including condition, comparator
period, change in admission rate, geographical location by continent
and risk of bias, pooled using random-effects meta-analysis. CI, con-
fidence interval.
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.investigations and procedures. In addition, many patients are likely to
have avoided healthcare environments to prevent nosocomial infec-
tion with SARS-CoV2, which may have led to patients delaying seek-
ing medical care for CV conditions. All these factors are potentially
important and may contribute to the increased CV mortality
reported here.

Patients admitted during the COVID-19 pandemic were generally
sicker and presented later compared with previous years.3,36,37

Specifically, for patients with ACS, door to balloon time was
increased and patients more often presented with cardiogenic shock
and more advanced conditions.18,19,24,38 Hospital admissions for ACS
with signs of HF were more frequent during the pandemic and the
complication rate for invasive procedures was increased.18–20

Delayed presentation might be partially justified by the reluctance of
patient to seek medical attention as well as reduced availability of
emergency services.35 This might also account for reports of
increased of out-of-hospital cardiac arrest.39,40 Similarly, hospital
management of patients admitted with HF changed during the first
wave of the pandemic, including more frequent management in non-
specialist wards.4

The present analysis included reports investigating in-hospital out-
comes during the first wave of the pandemic. It is possible that, as the
pandemic has progressed, in-hospital outcomes for patients admitted
with CV conditions have improved, but there are currently little data
available to address this question.

The studies included in our analysis were generally at serious risk
of bias. This was predominantly due to confounding, related to the
use of non-matched periods for comparison. Although subgroup ana-
lysis did not demonstrate a significant impact of the choice of com-
parator period on the results, this high risk of bias needs to be
considered when interpreting our results.

Limitations
Our study was a meta-analysis of observational studies and, as such,
has several important limitations. First, the studies included in our
analysis demonstrated significant methodological heterogeneity,
most importantly concerning patient populations and comparator
periods. We have tried to mitigate this by using random-effects mod-
els and performing subgroup analyses, but this needs to be consid-
ered when interpreting our findings. Second, some subgroups
contained a small number of studies and these should be interpreted
with caution. Third, all studies included in our analysis were observa-
tional and most studies did not report patients’ characteristics in de-
tail. As a result, there are likely to be unmeasured, potentially
confounding variables that could impact our results and limit our abil-
ity to ascertain the reasons for the observed increase in mortality.
Fourth, this analysis investigated only in-hospital mortality, while the
effect of the pandemic on out-of-hospital mortality is still under inves-
tigation, resulting in possible collider bias. Further studies are needed
to assess the impact of the pandemic on the whole spectrum of CV
disease. Lastly, while we made every effort to exclude studies that did
not adequately account for concurrent SARS-CoV2 infection, it is
likely that some included patients will have had COVID-19. This may
have impacted our results.

Conclusions

This is the first meta-analysis investigating in-hospital mortality for CV
conditions during the COVID-19 pandemic, independent of co-
infection with SARS-CoV2. We report a significantly higher risk of in-
hospital mortality in this cohort compared with periods outside the
pandemic. This effect was largest in studies with the biggest decline in

Figure 5 Funnel plot to look for publication bias.RR, risk ratio; SE, study effect.
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..admission rates, where only the sickest patients may have presented.
However, studies were generally poorly conducted and there is a
need for further well-designed studies to establish the full extent of
mortality not directly related to COVID-19 infection. More detailed
and comprehensive analysis investigating the role of COVID-19 co-
infection, healthcare reconfiguration and disruption of services are
warranted to describe the magnitude of collateral damage caused by
the pandemic.

Supplementary material

Supplementary material is available at European Journal of Preventive
Cardiology online.
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