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Figure 4 Prevalence of cardiovascular disease and clinical outcomes by age.

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 develop-
ment of parenchymal damage, fluid extravasation and hypox-
aemia, ultimately causing increased stress on the cardiovascular
system. Amplification of the host inflammatory response eventu-
ally leads to systemic inflammatory response syndrome. "’

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.”” Evidence
collected over time demonstrated that the heart may be the
immediate target of SARS-CoV-2*!
the deaths in hospitalised, critically ill patients with COVID-19
in Wuhan, China, were associated with myocardial damage
or heart failure.”” 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.? ** 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.”® Thus, it
is reasonable to conclude that patients with CVD or risk factors
for CVD are more susceptible to COVID-19 infection. Further-
more, the cardiac injury caused by the comorbid condition and

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
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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
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Figure 5 Meta-regression analysis of risk of fatal outcomes.

compared with older patients.”” Another large prospective
cohort study reported that young patients with hypertension had
a higher prevalence of CVD and associated mortality rate than
elderly patients.”® 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 diffi-
cult in younger patients than in the elderly.”” 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.’’Andreotti 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.®’ Autopsy results of patients infected with
COVID-19 revealed widespread thrombosis with microangiop-
athy. Furthermore, the presence of microthrombi in capillaries

was nine times higher in patients with COVID-19 than in those
with influenza.®* 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.

Association between cardiovascular comorbidities and
cytokine storm in young patients with COVID-19
Characteristics of severe COVID-19 infection include hyperin-
flammatory syndrome, cytokine storm, acute respiratory distress
syndrome and pulmonary, cardiac and/or renal damage. ‘Cyto-
kine storm’ is a phenomenon wherein patients, usually those in
advanced stages of COVID-19 infection, develop a rapid and
uncontrollable inflammatory signalling cascade.>® It occurs in
response to sustained hyperinflammation and can cause hyper-
coagulability in the microvasculature, which may lead to tissue
injury, disseminated intravascular coagulation and multiorgan
failure.** 35 Pre-existing organ damage due to comorbid CVD
exacerbates the cytokine storm-induced organ damage.’®™®
While these comorbidities are usually age related, the preva-
lence 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 devel-
oping CVD.* *° Furthermore, young patients tend to neglect
fever or respiratory symptoms and do not seek medical help early
in the course of COVID-19 infection.*! 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 mini-
mised 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.® Fourth, there is a possibility
that patients with multiple comorbidities were also included
in the study. Fifth, the younger patients in death has a rela-
tively extremely low I* 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.
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CONCLUSION

Based on the results of our meta-analysis, CVD and the associ-
ated 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.

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.
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