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ABSTRACT
Objective Previous studies that evaluated
cardiovascular risk factors considered age as a potential
confounder. We aimed to investigate the impact of
cardiovascular disease (CVD) and its risk factors on fatal
outcomes according to age in patients with COVID-19.
Methods A systematic literature review and meta-
analysis was performed on data collected from PubMed
and Embase databases up to 11 June 2020. All
observational studies (case series or cohort studies) that
assessed in-hospital patients were included, except those
involving the paediatric population. Prevalence rates of
comorbid diseases and clinical outcomes were stratified
by mean patient age in each study (ranges: <50 years,
50–60 years and ≥60 years). The primary outcome
measure was a composite fatal outcome of severe
COVID-19 or death.
Results We included 51 studies with a total of 48 317
patients with confirmed COVID-19 infection. Overall, the
relative risk of developing severe COVID-19 or death was
significantly higher in patients with risk factors for CVD
(hypertension: OR 2.50, 95% CI 2.15 to 2.90; diabetes:
2.25, 95% CI 1.89 to 2.69) and CVD (3.11, 95% 2.55
to 3.79). Younger patients had a lower prevalence of
hypertension, diabetes and CVD compared with older
patients; however, the relative risk of fatal outcomes was
higher among the former.
Conclusions The results of the meta-analysis suggest
that CVD and its risk factors (hypertension and diabetes)
were closely related to fatal outcomes in COVID-19 for
patients across all ages. Although young patients had
lower prevalence rates of cardiovascular comorbidities
than elderly patients, relative risk of fatal outcome in
young patients with hypertension, diabetes and CVD was
higher than in elderly patients.
Prospero registration number CRD42020198152.

a considerable number of patients with COVID-19
have an underlying disease.3 4 Cardiovascular
diseases (CVDs) are known to be triggered by acute
respiratory infections caused by viruses (eg, influenza and respiratory syncytial virus) or bacteria.5 6
The presence of underlying CVD is often linked
with other comorbidities that predispose patients
to more frequent and severe forms of infection.7
During outbreaks of influenza, several infected
patients have reportedly died due to complications
of comorbid CVDs than due to secondary bacterial
pneumonia.8 Furthermore, the presence of underlying CVD increases both the severity of the primary
respiratory disease and the risk of developing
further complications.9 It has been reported that
the major risk factors for mortality in patients with
COVID-19 include age greater than 60 years, male
sex and the presence of comorbidities.3 However,
previous studies that evaluated these risk factors
considered age as a potential confounder. Although
some studies have demonstrated that hypertension
is a risk factor for developing severe COVID-19,
the observation could be attributed to the higher
prevalence of comorbidities in elderly patients.10 To
the best of our knowledge, no study has investigated
the association between the presence of risk factors
for CVD and outcomes of patients with COVID-19
depending on age. Therefore, we conducted a
systematic review and meta-analysis to estimate the
prevalence and risk factors for CVD among patients
with COVID-19 in different age groups.
The primary hypothesis of this review was that,
in patients with both COVID-19 infection and risk
factors for CVD, elderly individuals would have
fatal outcomes, while younger patients would show
better prognosis.

INTRODUCTION

METHODS
Research protocol

COVID-19 is caused by a novel beta-coronavirus
believed to have originated in Wuhan, China, in
December 2019, before it spread worldwide. The
virus was named SARS-CoV-2, and subsequently,
the WHO declared the outbreak as a public emergency of international concern.1 Unfortunately, the
number of deaths and confirmed cases of COVID-19
are rising steadily despite efforts by global healthcare providers to keep the disease under control.
As of 21 June 2020, the total number of confirmed
cases was approximately 8.7 million, with 463 281
deaths in 188 countries.2 Studies have reported that

The present study was registered with PROSPERO (ID: CRD42020198152). This study was
conducted following the Preferred Reporting Items
for Systematic Review and Meta-
Analyses guidelines (figure 1). Literature search was performed
using the PubMed and Embase search engines until
11 June 2020, using the following medical subject
headings both alone and in different combinations:
“COVID-19”, “SARS-
CoV-2”, “comorbidity”,
“prevalence”, “characteristic”, “observational”,
“hypertension”, diabetes” and “cardiovascular
disease” without any language restrictions. Major
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medical journals were also searched manually; we also searched
for studies cited as references in relevant research articles in
addition to systematic reviews of published, unpublished and
ongoing studies (medRxiv, Research Square and Lancet preprint
database). All observational studies (case series or cohort studies)
conducted on in-hospital patients were included. The exclusion
criteria comprised studies: (1) on paediatric populations (age
17 years or younger), (2) that did not include information on
clinical outcomes, (3) that investigated the same cohort, (4) that
only included mortality cases and (5) that did not have description on age of the patients.
Each abstract or title based on results of the electronic search
was screened by pairs of independent reviewers (SAB, S-MP,
SRK and M-NK); full articles of potentially eligible studies were
acquired and assessed by these reviewers, who then selected the
studies to be included in our review. Discrepancies between the
reviewers were resolved through discussion. If a consensus could
not be reached, another reviewer (WJS) was consulted to resolve
the disagreement.

Data extraction and assessment of study quality

Using a piloted form, we collected data on patient characteristics,
study quality and clinical outcomes in patients with laboratory-
confirmed COVID-19, indicated by a positive SARS-
CoV-2-
RT-PCR test. The definition of hypertension or diabetes used
in this meta-analysis was history (comorbidity) of hypertension
or diabetes. The definition of CVD used in this meta-analysis
was history of CVD and its synonyms such as coronary artery
disease or cardiac disease. The primary outcome measure was a
composite fatal outcome of severe COVID-19 or death. Severe
COVID-19 was defined as the presence of respiratory distress
(respiratory distress (30 breaths or more per min), oxygen
2

saturation of ≤93% at rest, PaO2/FiO2 ratio of 300 mm Hg) or
the need for ICU care (respiratory failure requiring mechanical
ventilation, shock and/or multiorgan failure).11
The overall quality of each study was assessed using the
Newcastle-Ottawa Quality Assessment Scale (NOS).12 The NOS
score for cohort studies ranges between 0 and 9, and a score
greater than seven indicates high quality.

Statistical analysis

Wherever possible, prevalence rates and clinical outcomes were
stratified by mean age for each study (range: <50 years, 50–60
years and ≥60 years). The mean age of the patients was calculated if the information was not presented directly in a study.13
Forest plots of point estimates, including their 95% CI range,
were used for graphical analysis. For the meta-analysis, pooled
logistic regression with inverse-variance weighting was used for
each study, and summary estimates were exponentiated. Estimates are expressed as ORs with 95% CI. A random-effects model
was used considering the heterogeneity of patient characteristics
and differences in the number of patients between studies. Sensitivity analysis was conducted by omitting one study at a time and
evaluating the effect on the pooled results to analyse the extent
of heterogeneity among the selected studies. The I2 statistic
was then used to evaluate heterogeneity among the studies; a
value of 75% or greater indicated high heterogeneity.14 A meta-
regression model was constructed considering the risk of clinical
outcomes as the dependent variable to demonstrate our hypothesis regarding the effects of age. Small-study effect or publication
bias was assessed using funnel plots, Egger’s test, Begg’s test and
sensitivity analysis based on study size. In the event of significant publication bias, adjusted publication bias was performed
by the trim-and-fill method (Duval and Tweedie non-parametric
Bae S, et al. Heart 2020;0:1–8. doi:10.1136/heartjnl-2020-317901
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Figure 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow chart.
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method).15 A p value <0.05 indicated evidence of bias. All data
analyses were conducted using R software V.3.5.0 (R Foundation
for Statistical Computing, Vienna, Austria).

RESULTS
Study characteristics

The online literature search identified 6,560 studies. Three
additional studies were identified by manual search (figure 1).
Review of all studies until 11 June 2020 was performed, and
51 studies were considered eligible for analysis, with a total of
48,317 patients with COVID-19. All studies were observational
(10 prospective and 41 retrospective). Thirty-
seven studies
were from China (patients, n=13,273), seven from the USA
(n=14,925), six from Italy (n=2,927), and three each from the
UK and Iran. The median age of the patients was 56 years, and
58.1% were men (online supplemental table 2).

Hypertension

The overall prevalence of hypertension in all the studies was
26.19% (95% CI 21.76 to 31.16) and was found to increase with
age, wherein 15.57%, 26.81% and 46.95% of the patients aged
<50 years, 50–60 years and ≥60 years, respectively, were found
to have the condition (figure 2A, online supplemental figure 1).
Meta-analysis showed that comorbid hypertension conferred a
Bae S, et al. Heart 2020;0:1–8. doi:10.1136/heartjnl-2020-317901

high risk of developing severe COVID-19 (35.7% vs 20.3%, OR
2.42, 95% CI 1.98 to 2.96), death (26.1% vs 9.4%, OR 2.60,
95% CI 2.11 to 3.20) and overall fatal outcomes in patients
across all age groups (31.0% vs 13.8%, OR 2.50, 95% CI 2.15
to 2.90) (figure 2B, online supplemental figures 2–5). However,
patients younger than 50 years of age had a higher risk of developing fatal outcomes (22.9% vs 10.3%, OR 3.49, 95% CI 2.49
to 4.88) compared with those older than 60 years (34.7% vs
21.3%, OR 1.86, 95% CI 1.55 to 2.23).

Diabetes

The overall prevalence of diabetes in 48 studies was 15.16%
(95% CI 12.88 to 17.77) and was found to increase with age,
wherein 10.0%, 15.3% and 23.7% of the patients aged <50
years, 50–60 years and ≥60 years, respectively, suffered from
the condition (figure 3A, online supplemental figure 6). Meta-
analysis showed that the presence of diabetes conferred a high
risk of developing severe COVID-19 (37.7% vs 22.5%, OR
2.47, 95% CI 1.86 to 3.27), death (27.1% vs 18.3%, OR 2.11,
95% CI 1.63 to 2.73) and fatal outcomes in patients across
all age groups (29.9% vs 19.3%, OR 2.25, 95% CI 1.89 to
2.69) (figure 3B, online supplemental figures 7–10). However,
patients younger than 50 years of age had a higher risk of developing fatal outcomes (26.7% vs 10.9%, OR 3.49, 95% CI, 2.24
3
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Figure 2 Prevalence of hypertension and clinical outcomes by age.
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to 5.45) than those older than 60 years (31.6% vs 25.0%, OR
1.65, 95% CI 1.34 to 2.03).

Cardiovascular disease

Overall prevalence of CVD in 44 studies was 8.33% (95% CI
6.32 to 10.91) and the prevalence was found to increase with
age, wherein 4.51%, 9.26% and 15.02% of the patients aged
<50 years, 50–60 years and ≥60 years, respectively, were found
to have CVD (figure 4A, online supplemental figure 11). Results
of the analysis showed that patients with COVID-19 and CVD
had a high risk of developing severe disease (44.4% vs 23.3%,
OR 3.15, 95% CI 2.34 to 4.25), death (35.7% vs 17.6%, OR
3.23, 95% CI 2.28 to 4.57) and fatal outcomes (37.1% vs 19.3%,
OR 3.11, 95% CI 2.55 to 3.79) (figure 4B, online supplemental
figures 12–15). Patients younger than 50 years of age had a
higher risk of developing fatal outcomes (35.7% vs 10.9%, OR
5.66, 95% CI, 4.12 to 7.79) compared with those aged over 60
years (37.1% vs 23.8%, OR 2.10, 95% CI 1.68 to 2.61).

Meta-regression and sensitivity analyses

Random-effects meta-regression analysis demonstrated that the
association between younger age and poor composite outcomes
was affected by hypertension, diabetes and CVD (for all three
parameters: p<0.0001) (figure 5). Sensitivity analysis based on
4

study size and omission of individual studies yielded results that
remained consistent with those of the primary analyses (online
supplemental tables 4–7).

DISCUSSION

This systematic review and meta-
analysis showed that risk
factors for CVD (hypertension and diabetes) and CVD itself
were significantly associated with fatal outcomes in patients
with COVID-19 across all age groups. Although young patients
(<50 years) had a lower prevalence of these comorbidities than
elderly patients (≥60 years), their relative risk of developing a
fatal outcome was higher than that of elderly patients.

Cardiovascular risk factors, CVD and COVID-19

Previous studies have demonstrated that patients with CVD or
related risk factors were at significantly higher risk of developing
poor clinical outcomes following COVID-19. The findings of
the reviewed studies indicated that patients with underlying
diseases were more vulnerable to COVID-19 as their comorbidities predispose them to infection and make them more likely to
develop severe disease.16–18 Upon infection with SARS-CoV-2,
an initial immune response is activated to protect the body
from further viral invasion and growth, which occurs in the
parenchyma of the lung and other epithelial sites. This immune
Bae S, et al. Heart 2020;0:1–8. doi:10.1136/heartjnl-2020-317901
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Figure 3 Prevalence of diabetes and clinical outcomes by age.
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response is associated with the appearance of mild symptoms and
coincides with the activation of monocytes and macrophages.
The ensuing inflammatory response causes blood vessel dilation,
increased endothelial permeability and leucocytoplania. These
events eventually lead to pulmonary distress with the development of parenchymal damage, fluid extravasation and hypoxaemia, ultimately causing increased stress on the cardiovascular
system. Amplification of the host inflammatory response eventually leads to systemic inflammatory response syndrome.19
A study reported that the cardiovascular system was the main
target of the virus, and it was also the most significant comorbid
condition in all phases of COVID-19 infection.20 Evidence
collected over time demonstrated that the heart may be the
immediate target of SARS-CoV-221; and approximately 40% of
the deaths in hospitalised, critically ill patients with COVID-19
in Wuhan, China, were associated with myocardial damage
or heart failure.22 Cox regression analysis revealed that the
mortality rate of patients with acute cardiac damage was higher
than that of patients with chronic lung disease or a history of
CVD.23 24 Pathologically, SARS-
CoV-2 infection is known to
induce endothelial inflammation in various organs due to both
viral infection and the host’s own immune response.25 Thus, it
is reasonable to conclude that patients with CVD or risk factors
for CVD are more susceptible to COVID-19 infection. Furthermore, the cardiac injury caused by the comorbid condition and
Bae S, et al. Heart 2020;0:1–8. doi:10.1136/heartjnl-2020-317901

the infection itself significantly contributes to the development
of adverse outcomes such as severe acute respiratory distress
syndrome.

Impact of cardiovascular risk factors and CVD in young
patients with COVID-19
To the best of our knowledge, the case fatality rate (CFR) of
COVID-19 increases with age. Our review of literature indicates
that the CFR of this infection is less than 1% among patients
younger than 50 years of age, while the rates are 1.3%, 3.6%,
8% and up to 14.8% among patients in their 50 s, 60 s, 70 s and
80 s, respectively.26 Additionally, the CFRs of patients with CVD,
diabetes, hypertension and cancer were 10.5%, 7.3%, 6% and
5.6%, respectively, while that of patients without any comorbid
condition was only 0.9%.26
Based on the results of our age-stratified meta-analysis, young
patients with CVD or risk factors for CVD (hypertension and
diabetes) were at a higher risk of developing poor clinical
outcomes than older patients. Several possible causes have been
considered based on the results of previous studies; however,
the exact cause remains to be established. A randomised study
conducted in Denmark on 13,016 patients with hypertension
reported that young patients (<50 years of age) had lesser
awareness regarding hypertension and did not comply with
5
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Figure 4 Prevalence of cardiovascular disease and clinical outcomes by age.
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Association between cardiovascular comorbidities and
cytokine storm in young patients with COVID-19

Figure 5 Meta-regression analysis of risk of fatal outcomes.
compared with older patients.27 Another large prospective
cohort study reported that young patients with hypertension had
a higher prevalence of CVD and associated mortality rate than
elderly patients.28 Furthermore, young patients with diabetes
had higher prevalence of obesity and hypertriglyceridaemia
as well as poorer glycaemic control, both initial and ongoing,
than elderly patients (aged 50–70 years). Additionally, based
on observations during follow-ups after initiation of treatment,
achievement of glycaemic control was reported to be more difficult in younger patients than in the elderly.29 The prevalence of
thrombophilia with high levels of coagulation factors was also
significantly higher in young patients with CVD than among
those in the healthy control group.30Andreotti and Becker, in a
study that focused on young patients with arterial thrombosis,
found that the prevalence of thrombophilic gene polymorphisms
was significantly higher in these patients than among those in
the control group.31 Autopsy results of patients infected with
COVID-19 revealed widespread thrombosis with microangiopathy. Furthermore, the presence of microthrombi in capillaries
6

Characteristics of severe COVID-19 infection include hyperinflammatory syndrome, cytokine storm, acute respiratory distress
syndrome and pulmonary, cardiac and/or renal damage. ‘Cytokine storm’ is a phenomenon wherein patients, usually those in
advanced stages of COVID-19 infection, develop a rapid and
uncontrollable inflammatory signalling cascade.33 It occurs in
response to sustained hyperinflammation and can cause hypercoagulability in the microvasculature, which may lead to tissue
injury, disseminated intravascular coagulation and multiorgan
failure.34 35 Pre-existing organ damage due to comorbid CVD
induced organ damage.36–38
exacerbates the cytokine storm-
While these comorbidities are usually age related, the prevalence of hypertension and diabetes in young people continues
to increase due to obesity, caused by sedentary lifestyle and a
processed food diet, which in turn increases the risk of developing CVD.39 40 Furthermore, young patients tend to neglect
fever or respiratory symptoms and do not seek medical help early
in the course of COVID-19 infection.41 In summary, age itself or
age-related diseases act as risk factors in elderly patients, while
CVD and its risk factors are associated with a higher mortality
rate in younger patients. This suggests that strict management
of comorbid conditions can reduce mortality in both young and
elderly patients.
This study has numerous strengths: a large sample of
patients was assessed; all baseline characteristics of patients
with COVID-19 were thoroughly evaluated; data from
major biomedical literature were reviewed, which minimised the potential publication bias and other confounding
factors. However, several limitations of this review should
also be noted. First, this is a meta-analysis at the study level,
and we could not properly assess the role of confounding
factors. Since we stratified the data based on the mean age of
patients in each study, various age groups were unavoidably
combined. Nevertheless, we conducted a sensitivity analysis
to overcome this limitation. Second, the criteria to determine
whether a patient had severe or non-severe infection were
not standardised. So, we defined severe COVID-19 based on
the report of the WHO-China Joint Mission on Coronavirus
Disease 2019. We categorised severe COVID-19 into presence
of respiratory distress, need for ICU care and both. Third,
results of contour-enhanced funnel plot and the Egger’s test
performed to analyse the risk of small-study effect were found
to be significant in the total group of hypertension, diabetes
and CVD (online supplemental figure 16, table 3). However,
results of the Begg’s test and trim-and-fill analysis did not
reveal any evidence of small-study effect, and the results of
sensitivity analysis based on study size remained consistent with
those of the primary analyses.15 Fourth, there is a possibility
that patients with multiple comorbidities were also included
in the study. Fifth, the younger patients in death has a relatively extremely low I2 value compared with other groups. For
this reason, we thought that the younger group had a lower
comorbidity rate than elderly, and the event rate according to
comorbidity was more pronounced. Therefore, it is important
to show these results in a well-designed large cohort.
Bae S, et al. Heart 2020;0:1–8. doi:10.1136/heartjnl-2020-317901
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was nine times higher in patients with COVID-19 than in those
with influenza.32 It is plausible that patients with atherogenic
and thrombophilic conditions have poorer prognosis due to
increased metabolic demand and decreased cardiac reserves
secondary to SARS-CoV-2 infection.

Cardiac risk factors and prevention
Based on the results of our meta-analysis, CVD and the associated risk factors (hypertension and diabetes) were closely related
to fatal outcomes in patients with COVID-19 across all age
groups. Although young patients had lower prevalence rates of
cardiovascular comorbidities than elderly patients, relative risk
of fatal outcome in young patients with hypertension, diabetes
and CVD was higher than in elderly patients.

Key messages
What is already known on this subject?

►► Age greater than 60 years and the presence of comorbidities

are established risk factors for mortality in patients with
COVID-19.
►► Several patients die of comorbid cardiovascular disease (CVD)
than of secondary bacterial pneumonia in event of influenza
outbreaks. Furthermore, underlying CVD increases the severity
and risk of developing complications from primary respiratory
syndrome.
►► However, previous observational studies that evaluated these
risk factors considered age as a potential confounding factor.
►► To the best of our knowledge, there are no comprehensive
studies that have investigated the association between
cardiovascular risk factors and critical outcomes of patients
with COVID-19 based on age.
What might this study add?

►► CVD and its risk factors (hypertension and diabetes) were

significantly associated with fatal outcomes in patients with
COVID-19 across all ages.
►► Although young patients (<50 years) had a lower prevalence
of cardiovascular comorbidities compared with elderly
patients (≥60 years), their relative risk of developing fatal
outcomes was higher than that of elderly patients.
How might this impact on clinical practice?

►► Among the patients with COVID-19, we need to pay special

attention to young patients with cardiovascular comorbidities
as well as the elderly.

Acknowledgements The authors would like to thank Professor Juneyoung Lee for
his statistical expertise.
Contributors SAB, SRK, M-NK and S-MP conceived the idea of the study. SAB
and S-MP screened the studies and performed data extraction. SAB performed the
statistical analysis, and S-MP supervised the analysis. SAB, S-MP, SRK, M-NK and
WJS interpreted the findings. SAB drafted the manuscript; S-MP critically reviewed
the manuscript, and SAB revised the manuscript for final submission. All authors
have approved the final draft of the manuscript. S-MP and SAB are guarantors. S-MP
accepts full responsibility for the work and conduct of the study, has access to the
data and controls the decision to publish. The corresponding author attests that all
listed authors meet the authorship criteria and that no others meeting the criteria
have been omitted.
Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.
Competing interests None declared.
Patient consent for publication Not required.
Data availability statement All data relevant to the study are included in the
article or uploaded as supplementary information. Additional data are available from
the corresponding author on reasonable request.
Supplemental material This content has been supplied by the author(s). It
has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have
been peer-reviewed. Any opinions or recommendations discussed are solely those
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
Bae S, et al. Heart 2020;0:1–8. doi:10.1136/heartjnl-2020-317901

includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.
This article is made freely available for use in accordance with BMJ’s website
terms and conditions for the duration of the covid-19 pandemic or until otherwise
determined by BMJ. You may use, download and print the article for any lawful,
non-commercial purpose (including text and data mining) provided that all copyright
notices and trade marks are retained.
ORCID iDs
SungA Bae http://orcid.org/0000-0003-1484-4645
So Ree Kim http://orcid.org/0000-0002-3164-3258
Mi-Na Kim http://orcid.org/0000-0001-6589-5122
Wan Joo Shim http://orcid.org/0000-0002-2467-3336
Seong-Mi Park http://orcid.org/0000-0002-6710-685X

REFERENCES

1 World Health Organization. Novel coronavirus-China. Available: https://www.who.int/
csr/d on/12-january-2020-n ovel-coronavirus-china/en/ [Accessed 12 Jan 2020].
2 Coronavirus COVID-19 global cases. Available: https://coronavirus.jhu.edu/map.html
3 Fauci AS, Lane HC, Redfield RR. Covid-19 - Navigating the Uncharted. N Engl J Med
2020;382:1268–9.
4 Epidemiology Working Group for NCIP Epidemic Response, Chinese Center for
Disease Control and Prevention. [The epidemiological characteristics of an outbreak of
2019 novel coronavirus diseases (COVID-19) in China]. Zhonghua Liu Xing Bing Xue
Za Zhi 2020;41:145–51.
5 Cowan LT, Lutsey PL, Pankow JS, et al. Inpatient and outpatient infection as a trigger
of cardiovascular disease: the ARIC study. J Am Heart Assoc 2018;7:e009683.
6 Madjid M, Miller CC, Zarubaev VV, et al. Influenza epidemics and acute respiratory
disease activity are associated with a surge in autopsy-confirmed coronary heart
disease death: results from 8 years of autopsies in 34,892 subjects. Eur Heart J
2007;28:1205–10.
7 Dhainaut J-F, Claessens Y-E, Janes J, et al. Underlying disorders and their impact on
the host response to infection. Clin Infect Dis 2005;41 Suppl 7:S481–9.
8 Practice Statement: Guidelines for Position Descriptions and Performance Appraisal
Nursing Practice Statement NP 04 - Developed: 9/84 - Revised: 10/16. Ohio Nurses
Rev 2017;92:16–17.
9 Badawi A, Ryoo SG. Prevalence of comorbidities in the middle East respiratory
syndrome coronavirus (MERS-CoV): a systematic review and meta-analysis. Int J Infect
Dis 2016;49:129–33.
10 Vaduganathan M, Vardeny O, Michel T, et al. Renin-Angiotensin-Aldosterone system
inhibitors in patients with Covid-19. N Engl J Med 2020;382:1653–9.
11 World Health Organization. Report of the WHO-China joint mission on coronavirus
disease 2019 COVID-19 report; 2019.
12 Wells GA, Shea B, O’Connell D, et al. The Newcastle-Ottawa Scale (NOS) for assessing
the quality of nonrandomised studies in meta-analyses, 2000. Available: http://www.
ohri.ca/programs/clinical_epidemiology/oxford.asp
13 Hozo SP, Djulbegovic B, Hozo I. Estimating the mean and variance from the median,
range, and the size of a sample. BMC Med Res Methodol 2005;5:13.
14 Higgins JPT, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat Med
2002;21:1539–58.
15 Duval S, Tweedie R. Trim and fill: a simple funnel-plot-based method of testing and
adjusting for publication bias in meta-analysis. Biometrics 2000;56:455–63.
16 Madjid M, Safavi-Naeini P, Solomon SD, et al. Potential effects of coronaviruses on the
cardiovascular system: a review. JAMA Cardiol 2020;5:831–40.
17 Huang I, Lim MA, Pranata R. Diabetes mellitus is associated with increased mortality
and severity of disease in COVID-19 pneumonia - A systematic review, meta-analysis,
and meta-regression. Diabetes Metab Syndr 2020;14:395–403.
18 Pranata R, Huang I, Lim MA, et al. Impact of cerebrovascular and cardiovascular
diseases on mortality and severity of COVID-19–systematic review, meta-analysis, and
meta-regression. J Stroke Cerebrovasc Dis 2020;29:104949.
19 Channappanavar R, Perlman S. Pathogenic human coronavirus infections: causes
and consequences of cytokine storm and immunopathology. Semin Immunopathol
2017;39:529–39.
20 Böhm M, Frey N, Giannitsis E, et al. Coronavirus disease 2019 (COVID-19) and its
implications for cardiovascular care: expert document from the German cardiac
Society and the world heart Federation. Clin Res Cardiol 2020;109:1446–59.
21 Zeng J-H, Liu Y-X, Yuan J, et al. First case of COVID-19 complicated with fulminant
myocarditis: a case report and insights. Infection2020;48:773–7.
22 Ruan Q, Yang K, Wang W, et al. Correction to: clinical predictors of mortality due to
COVID-19 based on an analysis of data of 150 patients from Wuhan, China. Intensive
Care Med 2020;46:1294–7.
23 Varshney AS, Berg DD, Katz JN, et al. Use of temporary mechanical circulatory support
for management of cardiogenic shock before and after the United network for organ
sharing donor heart allocation system changes. JAMA Cardiol 2020;5:703–8.

7

Heart: first published as 10.1136/heartjnl-2020-317901 on 17 December 2020. Downloaded from http://heart.bmj.com/ on January 8, 2023 by guest. Protected by copyright.

CONCLUSION

Cardiac risk factors and prevention

8

34 Weaver LK, Behrens EM. Weathering the storm: improving therapeutic interventions
for cytokine storm syndromes by targeting disease pathogenesis. Curr Treatm Opt
Rheumatol 2017;3:33–48.
35 Magro C, Mulvey JJ, Berlin D, et al. Complement associated microvascular injury and
thrombosis in the pathogenesis of severe COVID-19 infection: a report of five cases.
Transl Res 2020;220:1–13.
36 McGonagle D, Sharif K, O’Regan A, et al. The role of cytokines including interleukin-6
in COVID-19 induced pneumonia and macrophage activation syndrome-like disease.
Autoimmun Rev 2020;19:102537.
37 Vaninov N. In the eye of the COVID-19 cytokine storm. Nat Rev Immunol
2020;20:277.
38 Siddiqi HK, Mehra MR. COVID-19 illness in native and immunosuppressed states: a
clinical-therapeutic staging proposal. J Heart Lung Transplant 2020;39:405–7.
39 Hosseini Z, Whiting SJ, Vatanparast H. Type 2 diabetes prevalence among Canadian
adults - dietary habits and sociodemographic risk factors. Appl Physiol Nutr Metab
2019;44:1099–104.
40 Carnethon MR, Pu J, Howard G, et al. Cardiovascular health in African Americans:
a scientific statement from the American heart association. Circulation
2017;136:e393–423.
41 Huang L, Zhang X, Zhang X, et al. Rapid asymptomatic transmission of COVID-19
during the incubation period demonstrating strong infectivity in a cluster of
youngsters aged 16-23 years outside Wuhan and characteristics of young patients
with COVID-19: a prospective contact-tracing study. J Infect 2020;80:e1–13.

Bae S, et al. Heart 2020;0:1–8. doi:10.1136/heartjnl-2020-317901

Heart: first published as 10.1136/heartjnl-2020-317901 on 17 December 2020. Downloaded from http://heart.bmj.com/ on January 8, 2023 by guest. Protected by copyright.

24 Shi S, Qin M, Shen B, et al. Association of cardiac injury with mortality in hospitalized
patients with COVID-19 in Wuhan, China. JAMA Cardiol 2020;5:802–10.
25 Varga Z, Flammer AJ, Steiger P, et al. Endothelial cell infection and endotheliitis in
COVID-19. Lancet 2020;395:1417–8.
26 Wu Z, McGoogan JM. Characteristics of and Important Lessons From the Coronavirus
Disease 2019 (COVID-19) Outbreak in China: Summary of a Report of 72 314
Cases From the Chinese Center for Disease Control and Prevention. JAMA
2020;323:1239–42.
27 Sehestedt T, Ibsen H, Jørgensen T. Awareness, treatment and control of hypertension in
Denmark. The Inter99 study. Blood Press 2007;16:312–9.
28 Wang C, Yuan Y, Zheng M, et al. Association of age of onset of hypertension with
cardiovascular diseases and mortality. J Am Coll Cardiol 2020;75:2921–30.
29 Yeung RO, Zhang Y, Luk A, et al. Metabolic profiles and treatment gaps in young-
onset type 2 diabetes in Asia (the JADE programme): a cross-sectional study of a
prospective cohort. Lancet Diabetes Endocrinol 2014;2:935–43.
30 Milgrom A, Lee K, Rothschild M, et al. Thrombophilia in 153 patients with premature
cardiovascular disease ≤age 45. Clin Appl Thromb Hemost 2018;24:295–302.
31 Andreotti F, Becker RC. Atherothrombotic disorders: new insights from hematology.
Circulation 2005;111:1855–63.
32 Ackermann M, Verleden SE, Kuehnel M, et al. Pulmonary vascular endothelialitis,
thrombosis, and angiogenesis in Covid-19. N Engl J Med 2020;383:120–8.
33 Terpos E, Ntanasis-Stathopoulos I, Elalamy I, et al. Hematological findings and
complications of COVID-19. Am J Hematol 2020;95:834–47.

