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The impact of COVID-19 on the burden of cardiovascular diseases (CVD) during the early pandemic remains unclear.

COVID-19 has become one of the leading causes of global mortality, with a disproportionate impact on persons with CVD.

Studies of health facility admissions for CVD found significant decreases during the pandemic. Studies of hospital mor-

tality for CVD were more variable. Studies of population-level CVD mortality differed across countries, with most showing

decreases, although some revealed increases in deaths. In some countries where large increases in CVD deaths were

reported in vital registration systems, misclassification of COVID-19 as CVD may have occurred. Taken together, studies

suggest heterogeneous effects of the COVID-19 pandemic on CVD without large increases in CVD mortality in 2020 for a

number of countries. Clinical and population science research is needed to examine the ways in which the pandemic has

affected CVD burden. (J Am Coll Cardiol 2022;80:631–640) © 2022 The Authors. Published by Elsevier on behalf of the

American College of Cardiology Foundation. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
C OVID-19 has rapidly become one of the lead-
ing causes of death in the world.1 The impact
of COVID-19 on the burden of cardiovascular

diseases (CVD) and other leading causes of death
around the world remains an important question as
policy makers grapple with both the acute and long-
term effects of the pandemic on health systems. Reli-
able estimates of population health are an essential
input for evidence-based decision making; however,
data availability, quality, and timeliness as well as
variation in study methods and outcomes have led
to disparate conclusions regarding how the burden
of CVD may have changed over the course of the
pandemic. As part of the ongoing GBD (Global Burden
of Disease)–National Heart, Lung, and Blood
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This review considers 2 sources of evidence to
better understand the impact of COVID-19 on CVD.
First, for countries where detailed vital registration
data were available since 2020, the GBD study has
analyzed the underlying cause of death reported on
death certificates and compared CVD mortality with
that of preceding years to understand if there have
been excess CVD deaths during the COVID-19
pandemic. Second, multicenter studies of CVD
health care delivery, health facility admission or visit,
https://doi.org/10.1016/j.jacc.2022.06.008

nt of Health Metrics Sciences, Institute for Health

; bDivision of Cardiovascular Medicine, Brigham and

SA; and the cCenter for Translation Research and

l Institutes of Health, Bethesda, Maryland, USA.

es and animal welfare regulations of the authors’

t consent where appropriate. For more information,

2, accepted June 13, 2022.

http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jacc.2022.06.008
https://www.jacc.org/author-center
https://jacc.org/podcasts
https://jacc.org/podcasts
https://jacc.org/podcasts
https://jacc.org/podcasts
http://www.jacc.org/journal/jacc
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jacc.2022.06.008&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/


CEN
2015

Roth

The im

level C

These

hetero

HIGHLIGHTS

� The impact of COVID-19 on the burden of
CVD and other causes of death around the
world remains unclear.

� In most countries with available vital
registration data, the number of deaths

ABBR EV I A T I ON S

AND ACRONYMS

CVD = cardiovascular

IHD = ischemic heart disease

OHCA = out-of-hospital

cardiac arrest
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and hospital- and population-level mortality
during the COVID-19 pandemic were identi-
fied using a structured search of the scientific
literature. Changes in CVD burden may offer
opportunities for innovation in how public
health and health care systems address the
ongoing challenges of CVD burden and car-
diovascular care.
attributed to CVD in 2020 was similar to
or less than in recent prior years, except
in Ecuador, Mexico, and Russia, where
increases were recorded.

� More research is needed to understand
changes in CVD burden directly or indi-
rectly related to COVID-19.
Multiple hypotheses have been proposed for the
pathways by which the COVID-19 pandemic may alter
trends in cardiovascular population health. Athero-
sclerotic cardiovascular disease risk factors and
established CVD have all been associated with worse
outcomes among people with COVID-19.3 COVID-19
alters vascular endothelium and cardiomyocyte
function.4 Myocarditis, thrombotic events, and
multisystem vascular syndromes have all been
described as a result of COVID-19.5 Indirect effects of
COVID-19 on CVD have also been proposed. Hospi-
talizations for acute cardiovascular events may have
been deferred or delayed in the early phases of the
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pact of COVID-19 on the burden of cardiovascular diseases (CVD)

VD mortality differed across countries, with most showing decrea

differences may be explained by the misclassification of COVID-1

genous effects of the COVID-19 pandemic on CVD without large
pandemic.6,7 Changes in access to medications,
diagnostic testing, and procedures may have
increased CVD burden, while decreases in air pollu-
tion during lockdown periods may have decreased
CVD.8,9 Alterations in lifestyle and physical inactivity
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during the early pandemic remains unclear. Studies of population-

ses, although some revealed small to moderate increases in deaths.

9 as CVD in some countries. Taken together, studies suggest

increases in CVD mortality in 2020 for a number of countries.



TABLE 1 Change in Deaths Reported With Underlying Cause of CVD, 2020 vs 2015 to

2019, Global Burden of Disease Study

Countries

Mean Number of
CVD Deaths
per Year,
2015-2019

Number of
CVD Deaths,

2020

Change in Number of
CVD Deaths

From Average,
2020 vs 2015-2019

Percent Change in
CVD Deaths,

2020 vs 2015-2019

Ecuador 18,871 28,042 9,171 48.6

Mexico 180,526 242,857 62,332 34.5

Russia 986,141 1,054,949 68,808 7.0

Japan 345,044 350,088 5,044 1.5

England (GBR) 137,728 137,300 �428 �0.3

Wales (GBR) 9,246 9,164 �82 �0.9

Brazil 354,551 351,420 �3,130 �0.9

Israel 711 699 �12 �1.7

Chile 26,552 25,785 �767 �2.9

Georgia 25,327 24,590 �737 �2.9

Mongolia 5,227 5,038 �189 �3.6

Sweden 31,171 28,828 �2,342 �7.5

Change in deaths coded to CVD may reflect misclassification of deaths caused by COVID-19. Numbers of death
have been corrected for nonspecific or nonunderlying coding using the GBD standard redistribution method.13

Chile 2019 data were not available and therefore were excluded from calculation of the mean. Mongolia 2015
and 2017 data were not available and were excluded from mean. All data were from vital registration death
registration in each location. Colors represent heatmap scaled to the values in that column.

CVD ¼ cardiovascular disease; GBR ¼ Great Britain.
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in the setting of pandemic-related restrictions may
have contributed to population-level worsening of
cardiometabolic risk factor control.10,11

GBD STUDY

The GBD study offers one opportunity for better un-
derstanding how CVD may have changed because of
the COVID-19 pandemic. The GBD study is an ongoing
multinational effort to produce a consistent and
comparable assessment of disease burden for all
countries in the world. As we have previously re-
ported, the global CVD burden has increased over the
last 3 decades because of population growth and ag-
ing, while the age-standardized death rate of
ischemic heart disease (IHD), stroke, and hyperten-
sive heart disease have declined.12 In high-income
countries, this trend has reversed itself in the last
5 years, and age-standardized mortality has begun
to increase again in some locations.12 In the
Central Illustration and Table 1, we show the change in
the number of CVD deaths before and during the first
year of the COVID-19 pandemic.

Results are estimates of deaths caused by CVD
based on the underlying cause of death reported on
death certificates, adjusted for nonspecific and
nonunderlying causes using GBD study methods.12

Data were obtained from 12 locations where
detailed cause-specific vital registration death certi-
fication data could be obtained by the GBD study for
the year 2020. Deaths were classified as CVD based
on the GBD cause of death hierarchy and its stan-
dardized set of International Classification of Dis-
eases system codes. Nonspecific and nonunderlying
causes of death were reclassified based on statistical
models examining the co-occurrence of CVD and
other codes in multiple-causes-of-death data sets,
which report the intermediate and immediate causes
of death alongside the underlying cause. A Bayesian
noise-reduction algorithm is applied to account for
the occurrence of zero counts in the data. An
ensemble of geospatial time series regression models
was created using covariates with causal associations
to disease outcomes (the Cause of Death
Ensemble Model software package, CODem, devel-
oped by the Global Burden of Disease study), to
produce smooth time series estimates with uncer-
tainty bounds.

The number of deaths coded to CVD as the under-
lying cause are similar or even lower in 2020 for most
of these countries when compared with recent prior
years, with the exceptions of Ecuador, Mexico, and
Russia, where moderate to large increases were re-
ported. In Ecuador, the number of deaths reported as
attributable to CVD increased by almost 50% in 2020
compared with the average of the prior 5 years, with a
35% increase in Mexico and a 7% increase in Russia.
CVD deaths in Sweden were 7.5% lower in 2020
compared with prior years. CVD deaths varied far less
in the remaining countries, with fewer CVD deaths
when compared with prior years in all of them other
than Japan, where a 1.5% increase in CVD deaths
occurred. In England, Wales, and Brazil, the percent
change in CVD deaths was <1%. The degree to which
deaths caused by COVID-19 may have been mis-
classified as CVD is unclear.1 Estimated COVID-19
death rates in 2020 in Ecuador and Mexico were 2-3
times higher than rates in the other countries in this
sample, and COVID-19 diagnostic testing capacity was
likely to have been limited in at least parts of these
countries.14 Especially high rates of deaths caused by
COVID-19 may reflect countries where cardiovascular
diagnostic testing and health system performance
overall were put under particular stress.

STUDIES OF COVID-19 PANDEMIC EFFECTS

ON CVD POPULATION HEALTH

For the purpose of this narrative review, the Web of
Science Core Collection database was searched for
studies published through December 31, 2021, in 34
cardiovascular or general medicine journals selected
by the authors, using a structured search string with
the terms “cardiovascular,” “mortality,” and “covid.”
There were 1,953 studies that resulted initially, with



TABLE 2 Summary of Studies on the Impact of the COVID-19 Pandemic on CVD Health Care Delivery

Study
Setting

Number of Pandemic
Months Included Comparison

Process
Measure Outcome Effect

Japan17 5 April 2018 to February 2020/March to
July 2020

ACE inhibitor/ARB prescription No difference No change

England15 4 January 2017 to 2019/March to April 2020 PCI procedures �43% Decrease

England16 9 January 2018/March to November 2020 Observed vs expected
SAVR and TAVR cases

4,989 fewer cases Decrease

Comparisons of CVD pre– vs post–COVID-19 pandemic that were multicenter, were population-based, and included measures of health or health-related outcomes performed through
December 30, 2021. The 249 matches from a structured search in Web of Science were reviewed by title and abstract; 51 sources were identified and reviewed as full text, with 19 sources
matching the inclusion criteria and extracted to this table. Effect column describes the result of the outcome reported for each study, with increase shaded red, no change shaded yellow, and
decrease shaded green.

ACE ¼ angiotensin-converting enzyme; ARB ¼ angiotensin receptor blocker; CVD ¼ cardiovascular disease; PCI ¼ percutaneous coronary intervention; SAVR ¼ surgical aortic valve
replacement; TAVR ¼ transcutaneous aortic valve replacement.
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249 studies remaining after limiting the results to
selected journals, of which 51 were identified as
relevant based on a review of the title and abstract
and then a full-text review. Of these 51 studies, we
identified 19 studies meeting our inclusion criteria.
We included studies that were multicenter and
included any measures of health-related outcomes.
Studies were found from 11 countries, and all exam-
ined data from the first 1-10 months of the pandemic.
No published studies were found that included data
from the year 2021; however, the U.S. National Center
for Health Statistics has made available limited
amounts of tabulated CVD mortality data from 2021.

HEALTH CARE DELIVERY

Decreases in health care delivery were observed in
many countries in 2020 because of lockdown policies
and health systems shifting to create capacity for
COVID-19 patients (Table 2). In England, percutaneous
coronary interventions, surgical aortic valve replace-
ment, and transcatheter aortic valve replacement
procedures decreased substantially.15,16 Japan saw no
change in prescriptions filled for cardioprotective
therapies such as angiotensin-converting enzyme in-
hibitors or angiotensin receptor blockers.17

HEALTH FACILITY ADMISSIONS OR VISITS

Studies comparing health facility admissions or visits
for CVD in 2020 with prior years generally found
significant decreases (Table 3). Heart failure hospi-
talizations declined 3.6% per week in Japan.17 New
stroke and myocardial infarction diagnoses decreased
by 9,047 cases in men and 10,315 cases in women in
Chile.19 In Italy, the Lazio and Rome region saw
almost a 70% decline in ST-segment elevation
myocardial infarction admissions, and the Bologna
region saw a 58% decline in CVD-related emergency
department visits, with a 10% decline in CVD admis-
sions.20,21 In Austria, the Styria region saw the
likelihood of an admission for MI decline by a
quarter.22 Of note, in England, the risk of admission
for out-of-hospital cardiac arrest (OHCA) increased
more than 50%.23 Taken together, these results could
reflect either decreases in CVD event rates or
increased difficulty for patients accessing health care
during the early pandemic because of patient or
health system choices.24

HOSPITAL MORTALITY

Studies comparing changes in CVD outcomes in 2020
were more variable when restricted to observations
among patients who were admitted to the hospital
(Table 4).25 Studies of hospitalized patients with heart
failure in Japan and the United States as well as of
patients undergoing percutaneous coronary inter-
vention in the United States and England showed no
change in in-hospital mortality.15,17,26 In a compre-
hensive study including all citizens with a diagnosis
of CVD in Denmark, inpatient mortality decreased by
8%. In-hospital mortality following CVD events
increased by 5%-20% in Germany, Austria, and
China.22,27-29 In Germany, in-hospital mortality
among patients admitted with heart failure increased
from 5.5% to 7%.27 More severe effects were observed
in the United States in the New York area in the first
3 months of the pandemic, when inpatient CVD
mortality more than doubled.30 These results may be
related to selective hospitalization of high-risk pa-
tients or potentially higher case fatality rates caused
by coexisting COVID-19 illness.

POPULATION MORTALITY

Studies of population-level changes in CVD mortal-
ity provide the broadest lens into understanding the
overall impact of COVID-19 on cardiovascular health
(Table 5). These analyses show widely varying re-
sults, ranging from decreases to large increases in
CVD mortality during the first year of the pandemic.



TABLE 3 Summary of Studies on the Impact of the COVID-19 Pandemic on CVD Facility Admission or Visit

Study Setting

Number of
Pandemic Months

Included Comparison Process Measure Outcome Effect

England23 12 February to May 2019/2020 Incidence rate ratio for OHCA admissions 1.56 95% CI: 1.39-1.74 Increase

Japan17 5 April 2018 to February
2020 /March to July 2020

Heart failure hospitalization �3.6% cases per week Decrease

Chile19 7 January 2017 to March 2020/March
to September 2020

Absolute reduction in myocardial
infarction and stroke cases diagnosed

19,326 fewer cases Decrease

Italy, tertiary care cardiovascular
centers in the Lazio region and
Rome metropolitan area21

12 March 2019/2020 STEMI admissions per day 0.55 vs 0.32 Decrease

Italy, Bologna20 3 December to May 2019/2020 CVD emergency department visits �58% Decrease

Germany18 10 March to December 2019/2020 CVD admissions �10% Decrease

Germany18 10 March to December 2019/2020 CVD outpatient cases �5% Decrease

Styria, Austria22 2 March to April 2016 to 2019/2020 Relative risk for admission
with myocardial infarction

0.77 Decrease

Effect column describes the result of the outcome reported for each study, with increase shaded red, no change shaded yellow, and decrease shaded green.

CVD ¼ cardiovascular disease; OHCA ¼ out-of-hospital cardiac arrest; STEMI ¼ ST-segment elevation myocardial infarction.
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During the first 10 months of the pandemic in the
United States, IHD and hypertensive disease deaths
rose more rapidly than in the prior year, while there
was no change in heart failure, cerebrovascular, or
other circulatory deaths.34 In England and Wales,
there were an estimated 12 per 100,000 excess CVD
and diabetes deaths during the first 8 months of the
pandemic, and in England, there was an estimated
8% increase in acute CVD deaths.35 CVD mortality
was 7.5% greater in the Bologna, Italy, region dur-
ing the pandemic’s first 6 months compared with
the prior year, while OHCA deaths increased.20 CVD
deaths rose almost 30% in Wuhan, China, in the
first 3 months of 2020.36 In Brazil, CVD deaths
increased in selected provincial capital cities in
2020 while decreasing in Rio de Janeiro, with
deaths coded to unspecified CVD accounting for the
majority of observed differences.37 The magnitude
of these increases varied widely, from 7% in Recife
to almost 46% in Manaus. A study in Denmark
made use of national data that included all citizens
to examine all-cause mortality among the entire
population with a diagnosis of CVD and found no
change in overall mortality but a small increase in
out-of-hospital deaths and a small decrease in in-
hospital deaths.28

UNANSWERED QUESTIONS AND THE RISK

OF MISCLASSIFICATION

Taken together, these studies suggest heterogenous
effects of the COVID-19 pandemic on CVD burden
(Central Illustration). Numerous factors may explain
this variable effect, including the local incidence and
severity of COVID-19 disease, health system capacity
and resilience during the pandemic, social
distancing and lockdown policies, age structure of
populations, and prior burden of CVD and its risk
factors. Variation in study data and methods may
explain some of the observed differences, as could
publication bias if there were a systematic bias in
decisions not to write or publish papers showing an
increase or decrease in CVD during the pandemic.

Findings from the multinational GBD analysis
described here, where consistent methods were used
across countries to allow for the comparability of
estimates, suggest that the effect of the pandemic on
CVD across locations is relatively small and may be
limited by data quality in some locations. Large in-
creases in CVD mortality >30% in Mexico and
Ecuador are of particular concern and may reflect
the misclassification of many deaths that were
caused by COVID-19. Assigning an underlying cause
of death is a task that may be particularly difficult
for physicians given the degree to which COVID-19
can induce myocardial injury. Lack of access to
diagnostic testing in settings with limited resources
and the resulting misclassification of the underlying
cause of death is a significant limitation in the
interpretation of vital registration data, especially
during a global pandemic. Given these challenges, it
is especially striking that CVD mortality was mini-
mally changed in a number of countries analyzed by
the GBD study.

Similar increases are also seen for some weeks in
data released by the U.S. National Center for Health
Statistics for 2021, where hypertensive deaths
increased up to 50% per week compared with the
average of the 5 years prior, stroke deaths increased
from 10%-19%, and IHD deaths increased from



TABLE 4 Summary of Studies on the Impact of the COVID-19 Pandemic on CVD In-Hospital or After-Hospital Mortality

Study Setting

Number of
Pandemic Months

Included Comparison Outcome Measure Outcome Effect

Lithuania, 2 hospitals25 2 March to April 2019/2020 6-month adverse CVD events
following CVD admission

13.6% vs 30.8% Increase

England23 1 May 2019/2020 Adjusted probability of in-hospital
mortality following OHCA
admission

35.8% vs 29.8% Increase

Germany18 10 March to December 2019/2020 Odds ratio for in-hospital mortality
in CVD cases

1.10 Increase

Germany27 2 March to April 2019/2020 In-hospital mortality among heart
failure admissions

5.5% vs 7% Increase

Styria, Austria22 1 March to April 2016 to 2019/2021 Odds ratio for in-hospital mortality
following myocardial infarction

1.8 Increase

China29 3 January vs February 2020 Odds ratio for in-hospital mortality
following STEMI

1.21 Increase

United States, 13 hospitals in
New York30

3 March to May 2019 vs 2020 Inpatient cardiovascular mortality 111.1% Increase

Japan17 5 April 2018 to February 2020/
March to July 2020

In-hospital heart failure mortality No difference No change

United States, 2 health systems
in 6 western states26

3 March to April/April to June 2020 Risk-adjusted in-hospital mortality
for patients undergoing PCI,
CABG, TAVR, or SAVR

No difference No change

United States, Boston health
system6

1 January to March 2019/2020 In-hospital mortality among acute
CVD admissions

6.2% vs 4.4%
P ¼ 0.30

No change

England15 2 January 2017 to 2019/March to
April 2020

Odds ratio for in-hospital deaths
among patients undergoing PCI

0.87 No change

England15 1 January 2017 to 2019/March to
April 2020

Odds ratio for in-hospital MACE
among patients undergoing PCI

0.71 No change

England16 9 January 2017 to 2019/March to
November 2020

Isolated SAVR 30-day adjusted
mortality HR

1.02 No change

England16 9 January 2017 to 2019/March to
November 2020

SAVR þ CABG 30-day adjusted
mortality HR

1.41 No change

England16 9 January 2017 to 2019/March to
November 2020

SAVR þ other surgery 30-day
adjusted mortality HR

0.94 No change

England16 9 January 2017 to 2019/March to
November 2020

TAVR 30-day adjusted mortality HR 0.86 No change

Denmark28 10 January to October 2019/2020 Adjusted incident rate ratio for
inpatient mortality among
citizens with CVD

0.92 Decrease

Effect column describes the result of the outcome reported for each study, with increase shaded red, no change shaded yellow, and decrease shaded green.

CABG ¼ coronary artery bypass graft; MACE ¼ major adverse cardiac event; other abbreviations as in Tables 2 and 3.
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8%-11% in weeks 34, 35, 36, and 38 of 2021, coinciding
with a rise in COVID-19 deaths caused by the delta
variant, but not in other weeks. These U.S. data sug-
gest that changes in CVD mortality will persist as the
pandemic continues.38 The decline in severity
observed with the omicron variant has led to the
observation that many patients could now be
admitted to the hospital with COVID-19 but not
because of COVID-19, leading to additional possibil-
ities for misclassification of disease in hospital-based
studies.

Population data on CVD during the pandemic
remain unavailable or unanalyzed for many parts of
the world, and it is not known the degree to which the
reported patterns in CVD mortality are generalizable
to other countries.
IMPLICATIONS FOR RESEARCH

The changes observed in CVD burden during the
COVID-19 pandemic provide unique opportunities for
basic, clinical, and population science research to
address the possibility of direct or indirect COVID-19–
and SARS-CoV-2–related changes in CVD event rates.
At the same time, the CVD burden changes necessi-
tate an in-depth exploration of the accessibility of
cardiovascular care and innovations in cardiovascular
care delivery and implementation science during this
and future pandemics.
CLINICAL RESEARCH. At the clinical level, the
observed increases in hypertensive, IHD, stroke, and
other circulatory deaths require further exploration
of the possible underlying mechanisms. There also
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remain significant uncertainty and controversy
regarding angiotensin-converting enzyme 2–medi-
ated SARS-CoV-2 cell entry, infection, and COVID-19
and the roles played by key moieties in the renin-
angiotensin-aldosterone system, especially in pa-
tients with hypertension, hypertensive heart disease,
and heart failure.39-42 Mechanistic clinical in-
vestigations and prospective, controlled clinical
studies of an appropriate sample size would be
invaluable in shedding more light on the observed
increased mortality in patients with IHD
and hypertension.

POPULATION SCIENCE. At the population science
level, a major lesson learned during the COVID-19
pandemic is that countries with sophisticated data
linkage capabilities for almost the entire population,
such as England, where substantial linkages of elec-
tronic health records and vital registration data exist,
have been able to rapidly produce evidence to answer
key population health questions. For example, Wood
et al43 describe an England-wide electronic health re-
cord resource on 54.4 million people (more than 96%
of the English population) that enables whole-
population research on COVID-19 and CVD while
ensuring data security, privacy, and public trust. Re-
sources like this could be developed and adapted to
support research beyond COVID-19 and cardiovascular
diseases to inform clinical and public health practice.

Several important challenges and unanswered
questions persist. The misclassification of CVD
deaths, especially in elderly individuals, is a peren-
nial epidemiologic challenge that warrants attention
in the COVID-19 era.44 In a study in one community in
the United States, a panel of physicians retrospec-
tively reviewing medical records after death assigned
an underlying cause of coronary heart disease for
only two-thirds of the death certificates reporting
that cause, a difference that increased for the oldest
age group of >85 years.45 Considering that older
persons who also have underlying coronary disease
and other CVD are among those at highest risk for
COVID-19–related mortality, the issue of misclassifi-
cation takes on additional importance. Novel strate-
gies that help reduce misclassification are needed,
especially in areas where disproportionately high
COVID-19–related CVD deaths are recorded. Best
practices for improved death certification have been
studied across a range of settings. Strategies that
include the training of trainers involved in health
statistics, direct training of physicians, and online
trainings have all shown efficacy.46
Other unanswered questions would benefit from
longitudinal cohort population studies. The long-
term effects of SARS-CoV-2 infection remain un-
clear. The recently described postacute sequelae of
SARS-CoV-2 infection has myriad manifestations
that include cardiopulmonary and neurologic
symptoms such as fatigue; palpitations; chest pain;
breathlessness; brain fog; and dysautonomia,
including postural orthostatic tachycardia syn-
drome.47,48 The underlying mechanisms for these
manifestations and their long-term courses need to
be explored. There appears to be marked variability
of symptomatology from patient to patient. It is
unknown whether this clinical course can be pre-
vented or ameliorated. The National Institutes of
Health is currently committed to exploring these
scientific questions.49

HEALTH SERVICES AND IMPLEMENTATION SCIENCE.

From a health services research and implementation
science perspective, it would be valuable to under-
stand the extent to which the changes in CVD burden
were attributable to pandemic-related reductions in
the accessibility of cardiovascular care and changes in
health care–seeking behavior vs changes in disease
rates. Additionally, it would be important to under-
stand the impact of several cardiovascular care de-
livery adaptations and modifications.50 For example,
how has technology been used to deliver cardiac
rehabilitation during the COVID-19 pandemic,51 and
what innovations have been made in the remote
monitoring of vital signs and telemetry in isolation
wards during the COVID-19 pandemic that may have
applicability in routine cardiovascular care post-
pandemic?52 Exploring these questions using vali-
dated implementation science theories, models and
frameworks as well as health services research can
contribute substantively to our current knowledge of
how recurring stressors such as influenza, violence,
and climate may affect health system performance.

CONCLUSIONS

COVID-19 is now one of the leading causes of global
mortality, with a disproportionate impact on per-
sons with underlying CVD. Its impact on the global
burden of CVD and the delivery of cardiovascular
care remains incompletely understood. In several
countries, when compared with the most recent
prior years, CVD deaths are similar to or even lower
than in 2020. However, Ecuador, Mexico, Russia,
and the United States report increases in deaths



TABLE 5 Summary of Published Studies on the Impact of the COVID-19 Pandemic on CVD Population Mortality

Study Setting

Number of
Pandemic Months

Included Comparison Outcome Measure Outcome Effect

Brazil, Fortaleza37 3 April to June 2019/2020 Percent excess in total CVD deaths 12.6% Increase

Denmark28 10 January to October 2019/2020 Adjusted incident rate ratio for out-
of-hospital mortality among
citizens with CVD

1.04 Increase

Wuhan, China36 3 January to March 2020 vs
predicted

CVD deaths 1.29 Increase

England31 4 January 2014 to 2019/March to
June 2020

Acute CVD deaths compared with
regression model of expected
deaths

8% Increase

Germany32 1 March to April 2019 vs 2020 Percent increase in CVD deaths 7.6% Increase

Brazil, Sao Paulo37 3 April to June 2019/2020 Percent excess in total CVD deaths 10.1% Increase

United States34 10 March to December 2019/2020 Ratio of relative change in IHD death
rates in 2020 vs 2019

1.11 Increase

United States34 6 January to June 2019/2020 Ratio of relative change in
hypertensive diseases Death
rates in 2020 vs 2019

1.17 Increase

England and Wales35 8 2014 to 2019/March to October
2020

CVD and diabetes deaths compared
with regression model of
expected deaths

12 per 100,000
excess deaths

Increase

Italy, Bologna20 6 December to May 2019/2020 CVD mortality 7.5% Increase

Italy, Emilia-Romagna
region33

6 Before the pandemic/January
to June 2020

Excess OOH cardiac death 17% Increase

Brazil, Belém37 3 April to June 2019/2020 Percent excess in total CVD deaths 43.6% Increase

Brazil, Manaus37 3 April to June 2019/2020 Percent excess in total CVD deaths 46.1% Increase

United States34 6 January to June 2019/2020 Ratio of relative change in
cerebrovascular death rates in
2020 vs 2019

1.03 No change

United States34 6 January to June 2019/2020 Ratio of relative change in other
circulatory death rates in 2020
vs 2019

1.99 No change

United States34 6 January to June 2019/2020 Ratio of relative change in heart
failure death rates in 2020 vs
2019

0.97 No change

Denmark28 10 January to October 2019/2020 Adjusted incident rate ratio for
overall mortality among citizens
with CVD

0.99 No change

Brazil, Recife37 3 April to June 2019/2020 Percent excess in total CVD deaths 6.6% No change

Brazil, Rio de
Janeiro37

3 April to June 2019/2020 Percent excess in total CVD deaths �7.1% Decrease

Effect column describes the result of the outcome reported for each study, with increase shaded red, no change shaded yellow, and decrease shaded green.

CVD ¼ cardiovascular disease; IHD ¼ ischemic heart disease; OOH ¼ out-of-hospital.
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ascribed to CVD. The degree to which misclassifica-
tion of COVID-19 deaths may explain these increases
is unclear. Studies comparing hospitalizations for
CVD during the pandemic with prior years generally
found significant decreases, suggesting either de-
creases in CVD event rates, potential avoidance of
hospital settings to limit exposure to COVID-19, or
challenges in patients accessing health care during
the early pandemic. Studies of CVD outcomes were
more variable when restricted to observations
among patients who were admitted to the hospital.
There is a great need for basic, clinical, and popu-
lation science research as well as health services
research and implementation science to provide a
deeper understanding of the direct and indirect
effects of SARS-CoV-2 infection and COVID-19 on
changes in CVD burden.
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