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Abstract

Background: Since the emergence of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) from China, the novel coronavirus
disease 2019 (COVID-19) has caused more than five milion deaths worldwide. Several studies have elucidated the role of risk factors
in the prognosis of cardiovascular disease (CVD) in the progression of COVID-19 pandemic. This systematic review assesses the
link between COVID-19 and cardiovascular risk factors, and investigates the prognosis in the case of myocardial injury. Methods: A
literature search was performed to identify relevant articles in Pubmed, MEDLINE, Elsevier, and Google Scholar the last two years using
the terms: COVID-19, CVD, risk factors, cardiovascular risk factors, SARS-CoV-2, lockdown, hypertension, and diabetes mellitus.
Exclusion criteria were the studies associated with pediatric and pregnant COVID-19 patients. Results: After screening through 3071
articles, 10 studies were included in this review that captured the findings from 3912 participants. Included studies found that preexisting
CVD was linked to worse outcomes and increased risk of death in patients with COVID-19, whereas COVID-19 itself also induced
myocardial injury, arrhythmia, acute coronary syndrome, and venous thromboembolism. Conclusions: Cardiovascular risk factors such
as hypertension, diabetes mellitus, and obesity were associated with intensive care unit admission and poor prognosis. Cardiovascular
risk factors are crucial for the progression of COVID-19, and infected patients should be constantly monitored and follow strict hygiene
and decrease their social interactions.
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1. Introduction the number of infections has risen daily since then [1,3].
Clinical features of COVID-19 may fluctuate from asymp-
tomatic or mild respiratory symptoms to severe lifethreaten-
ing bilateral pneumonia, and respiratory and cardiac failure
[4]. Approximately 14% of COVID-19 cases were severe

Coronavirus disease (COVID-19) is a new and sig-
nificant threat that has increased mortality worldwide.
COVID-19 is a severe illness caused by severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2) that origi- X e S
nated from Wuhan, China at the end of 2019 [1]. According that required hospitalization, and 5% were critical cases —
to the World Health Organization (WHO) (2021), SARS- characterized with manifested airway failure, septic shock,
CoV-2 is a highly transmissible and pathogenic coron- and/pr multi-organic dysfunction or failure — requiring in-
avirus, which induces a severe acute respiratory syndrome, ~ tensive care [5]. The chest computed tomography (CT)
that has caused more than 2 million deaths in the first 12 .SI?OWS that C_OYID'19 mani.fests as pure groupdglass opac-
months of the pandemic, in addition to significant economic ~ 1ti€S, consolidation, and “air bronchogram sign” [6]. The

and social disturbance around the world [2]. The SARS- period between infection and the appearance of symptoms
varies between individuals, but the period can be usually

14 days long. Troponin T elevation, cardiac dysfunction,
and arrhythmias are complications in hospitalized COVID-
19 patients and are associated with adverse outcomes [7,8].

CoV-2 infection continues to spread with more than 200
million confirmed cases, and 223 affected countries, areas,
or territories [2].

In February 2020, within a matter of 2 months since )
the beginning of the outbreak of COVID-19, more than 82 A.sse.ss.men't of the early develqpment of persistent myocar-
000 confirmed cases and 2800 deaths were reported, and dial injury is a useful prognostic tool for severe COVID-19
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[9]. Systemic immune over activation due to SARS-CoV-2
infection triggers a cytokine storm, which is noteworthy in
critically ill patients with COVID-19 and the evidence from
current studies has displayed that the cytokine storm may be
a substantial factor in disease progression, even resulting in
several organ failures and death [10,11].

As mentioned above, COVID-19 generally infects
people who are immunocompromised, and older adults with
underlying diseases are more vulnerable. Clinical mani-
festations differ across age groups. Older men (>60 years
old) with comorbidities are more likely to develop a severe
respiratory disease that requires hospitalization, increasing
the mortality risk, whereas most young people and children
have only mild diseases (non-pneumonia or mild pneumo-
nia) or are asymptomatic [12,13]. However, a small study
in Wuhan enclosed 85 fatal cases of COVID-19, in which
most cases were males aged over 50 years with noncom-
municable chronic diseases [14]. Healthcare workers are
a high-risk group, and they represent 3.8% of infected in-
dividuals in China [15]. Data is constantly being updated,
but the caveat is that everyone is susceptible to acquiring
COVID-19.

Correspondingly, cardiovascular disease (CVD) is the
leading cause of mortality and morbidity worldwide. Man-
agement of CVD and its risk factors may prevent future
CVD incidents such as myocardial infarction, stroke, and
death from CVD [16]. There have been approximately 17.9
million people global deaths from CVD in 2015. Ischemic
heart disease (IHD) and stroke were the top two leading
reasons for CVD health loss worldwide. By 2030 more
than 22.2 million individuals will die annually from CVD
[17,18].

The pandemic has led to extensive social change in
many countries. Governments have enforced restrictions on
citizen movement, work from home, distance learning, and
social interactions. Particularly groups such as cardiology,
respiratory, diabetic patients and older people should limit
their social interactions because of their increased vulnera-
bility to infection. This systematic review assesses the link
between COVID-19 and CVD risk factors, and investigates
the prognosis in the case of myocardial injury.

2. Methods
2.1 Search strategy

This systematic review followed the PRISMA guide-
lines (CRD42021264985, PROSPERO). A comprehensive
literature search was performed on Pubmed, MEDLINE,
Elsevier, and Google Scholar from 1st December 2019, be-
fore the first confirmed case of COVID-19, to 14th April
2021. The search strategy consisted of different combina-
tions of the following search terms: “COVID- 19”, SARS-
CoV-27, “cardiovascular disease”, “risk factors”, “cardio-

vascular risk factors”, “hypertension”, “diabetes mellitus”.

2.2 Study and cohort selection

Article screening was performed by two independent
reviewers, and consensus was resolved by a senior author.
Studies reporting the incidence of stroke in patients with
COVID-19 were identified separately. The full texts of any
potentially eligible articles were screened against the inclu-
sion and exclusion criteria. All English-language studies
(case reports, case series, and observational cohort studies)
that reported CVD in COVID-19 patients were included.
Systematic reviews, meta-analyses, retrospective studies,
observational studies, and clinical guidelines regarding the
cardiovascular implications, epidemiology, prognosis, and
risk factors related to COVID-19 were included. The ref-
erence lists of these articles were additionally screened to
identify relevant studies not found from the database search.
Articles with pediatric incidents and pregnant patients were
excluded. Narrative reviews, duplicate studies, editorial or
opinion articles, grey literature and conference papers were
excluded. Studies were classified with an evidence rating
(Ito IV)[19].

3. Results
3.1 Included studies

The search strategy identified a total of 3071 articles,
from which 2271 articles were excluded after initial screen-
ing. Further screening was performed on the remaining 800
articles, and 569 were excluded because they were not ap-
propriate for the aims of this systematic review. In the full-
text evaluation , 231 articles were additionally excluded be-
cause they did not fit the scope of this systematic review.
In total, 10 articles met the selection criteria and were in-
cluded in the systematic review. The reviewers had 99%
agreement in the selection of eligible articles. Fig. 1 illus-
trates the study search strategy and selection process. Six
studies were published in China, three in the United States,
and one in Japan.

3.2 Cardiovascular risk factors

Cardiovascular risk factors are mainly divided into
two categories: modifiable and nonmodifiable. The main
modifiable cardiovascular risk factors are dyslipidemia
(i.e., exceptionally high levels of low-density lipoprotein
(LDL) and low levels of high-density lipoprotein (HDL)),
hypertension, diabetes mellitus, obesity, smoking history,
alcohol consumption, physical inactivity, inflammatory
markers, hyperhomo-cysteinemia and psychological fac-
tors. The nonmodifiable risk factors are age, sex, and hered-
itary factors [20,21]. Greece has among the highest number
of deaths in Europe from ischemic heart disease and stroke
primarily because of challenges with maintaining high pa-
tient adherence to medical consultations and treatment [22].

The primary modifiable cardiovascular risk factors —
such as hypertension, diabetes mellitus, obesity, smoking,
inflammatory markers — likely intersect with risk factors
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Fig. 1. Flow diagram of the study selection process.

of the severe COVID-19, as presented below. In addition,
older age is a significant risk factor for fatal outcomes.

3.3 Hypertension & diabetes mellitus

Hypertension and diabetes are probably the most
prevalent comorbidities among individuals with COVID-
19, with hypertension being the most common comorbidity.
However, early studies on COVID-19 show mixed results
concerning hypertension and diabetes mellitus.

In many cases, diabetes mellitus and hypertension
require hospitalization and possible ICU admission, and
prevalence increase with age, especially in older patients
[6,10,23-26]. Infection susceptibility for adult patients
with diabetes mellitus is described extensively by the lit-
erature comprising of aggravated inflammatory storm, im-
munodeficiency, lung injury, increased infectivity, and vir-
ulence of SARS-CoV-2 in diabetes mellitus [25]. As for
mechanisms of COVID-19, infection may cause the de-
struction of pancreatic beta cells, decreased pancreatic in-
sulin content, and changes in the host’s ability to respond
generally to glucose tolerance tests [15,27]. Inefficient con-
trol of glycemic levels may be crucial for adult patients
with diabetes mellitus infected by SARS-CoV-2 in vari-
ous ways. For instance, angiotensin-converting enzyme in-
hibitors (ACEi) withdrawal, corticosteroid therapy, septic
status derived from high glycose levels, and absence of pa-
tient monitoring with diabetes mellitus may lead to poor
prognosis [28].

A recent meta-analysis of Silverio et al. [28] that
involved 45 studies encompassing 18300 patients inves-
tigated the effect of cardiovascular risk factors on inhos-
pital COVID-19 mortality. This meta-analysis found that
patients with any type of diabetes who were infected by
SARS-CoV-2, compared to those without diabetes melli-
tus, had a higher risk for in-hospital mortality. This rela-
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tionship was independent from age. Furthermore, a recent
retrospective cohort study demonstrated that patients with
diabetes who were on insulin therapy might have a higher
risk of disease progression and poor prognosis [29].

When compared with non-severe patients, those with
severe illness or admission to the ICU were more likely
to have one or more comorbidities (p < 0.001), including
chronic obstructive pulmonary disease (p < 0.001), dia-
betes mellitus (p < 0.001), hypertension (p < 0.001), coro-
nary heart disease (p < 0.001), cerebrovascular diseases (p
< 0.05), and cancer (p < 0.05) [30,31]. However, no sig-
nificant differences were observed for patients with chronic
liver disease (p = 0.19) and chronic renal disease (p = 0.40)
[32].

The meta-analysis by de Almeida-Pititto et al. [33]
reported a moderate positive relationship between hyper-
tension and diabetes mellitus with COVID-19 mortality and
severity. Furthermore, age was associated with a higher risk
of in-patient hospital mortality in patients with COVID-19.
Therefore, the need for unique strategies to protect vulnera-
ble groups such as the elderly is proving vital. Interestingly,
assessing cardiovascular risk, comorbidities through Charl-
son comorbidity index, socioeconomic status, and echocar-
diographic measures, can predict the severity and mortality
after SARS-CoV-2 infection [34]. On the contrary, other
studies reported that male sex, hypertension, and smoking
did not independently correlate with fatal outcomes [29].

3.4 Obesity

Comparable to diabetes mellitus, the global burden of
obesity is also very high. Obesity is a critical risk factor for
complications and mortality from various infections [35].
Patients with BMI >35 kg/m?, specifically those with heart
disease, are at a high risk for severe COVID-19 [36]. The
literature included in this study indicated that a poor prog-
nosis accompanied with obesity for the SARS-CoV-2 virus
that involved severe COVID-19, ICU care, invasive me-
chanical ventilation (IMV) use, and CVD progress, partic-
ularly amongst younger patients. However, the assocation
between obesity and hospital mortality is unclear [36-39].

3.5 Smoking

The included literature reported mixed findings per-
taining to the progression in COVID -19 from smoking. For
instance, active smoking was not related to an increased
risk of severe COVID-19 in a meta-analysis by Lippi &
Henry [40]. Additionally, an observational study claimed
countries with a high prevalence of smokers also had com-
paratively lower COVID-19 mortality [41]. On the con-
trary, a recent meta-analyses found that smoking history
contributed to the development of COVID-19 and pro-
voked susceptibility to COVID-19 infection. Non-smokers
showed better cardiorespiratory fitness and prognosis in the
case of illness than smokers, avoiding in-hospital outcomes
[32,42-44].


https://www.imrpress.com

3.6 Inflammation

Elevated levels of cytokines — such as C-reactive pro-
tein (CRP), tumor necrosis factor (TNF)-«, interleukin-2
re-ceptor (IL-2R), IL-13, IL-6, IL-8 — have been observed
in hospitalized COVID-19 patients [45]. Studies included
in this review considered that CRP, TNF-«, and IL-6 were
risk factors that independently predicted cardiac injury in
severe and critically ill patients with COVID-19 [6,10]. An
increased number of cytokines can provoke myocardial in-
jury and septic shock, multiorgan failure, and circulatory
failure in some patients [46]. Given that other medical con-
ditions such as heart failure lead a plethora of cytokines, the
virus may additionall aggravate existing disease.

Inflammation is central to immunse response to tissue
damage [47]. Inflammation helps to remove injurious stim-
uli like infections and trauma, and initiate tissue regenera-
tion. The whole immune mechanism is inflammo-centric,
with adaptive immunity being employed to enhance the ef-
fectiveness of this core response through debris clearance
and tissue reconstruction. Inflammation is initially protec-
tive [47]. Yet, nutrition excess can disturb the tissue healing
process because the nutrition from virus degradation and the
damaged tissue with the excessive nutrition already in the
body will be transform into lipid intermediates and be de-
posited in healthy non-adipose tissues, causing lipotoxicity
and further tissue damage. Thus, over-nutrition may lead to
a vicious cycle of excessive lean mass (like protein) broken
down and lipid intermediates piling up, fuel excessive in-
flammation and lead to a cytokine storm in the severe cases
of COVID-19.

Moreover, it has been identified that the COVID-19
infection usually leads to a condition known as “silent hy-
poxemia”. The patient, despite the severe hypoxemia indi-
vidually, does not feel dyspneic [48]. The prevalence and
outcomes of cases with silent hypoxemia, which dominates
the initial stage of infection, are caused by more vascular in-
volvement than a lung injury [49,50]. However, the patho-
physiological mechanism remains a matter of discussion.

3.7 Dyslipidemia

Another intriguing issue is the relationship between
dyslipidemia and COVID-19. According to the current lit-
erature, cytokine storms may complicate dyslipidemia, re-
duce HDL and LDL levels, and increase triglycerides and
lipoprotein oxidation [51]. Dyslipidemia is a prognostic
factor for severity and mortality in patients with COVID-
19 [52]. Moreover, the use of statins indicate the presence
of underlying comorbidities, exposing increased risk of se-
vere COVID-19 [53]. Additionally, the evidence found
in this review showed hypertension to the most common
symptom to cause severe COVID-19 (59.3%), closely fol-
lowed by obesity (48.7%), chronic lung disease (19.8%),
metabolic disease (43.6%), and CVD (35.6%) (Fig. 2, Ref.
[54]). However, studies pertaining to pediatric populations
and pregnant patients were excluded from this review. Ta-

ble 1 (Ref. [10,12,27,29-31,34,39,45,55] summarizes the
results of the above studies. Table 2 (Ref. [10,12,27,29—
31,34,39,45,55] refers to the levels of evidence of included
studies. The majority of the studies were level II or III in
evidence quality (88%) [19].

4. Discussion

This systematic review assessed the link between
COVID-19 and CVD risk factors, and investigated progno-
sis in the case of myocardial injury. The review showed
that preexisting CVD is associated with worse outcomes
and increased risk of mortality in patients with COVID-19,
whereas COVID-19 itself may also induce myocardial in-
jury, acute myocardial infarction, blood thrombosis or ar-
rhythmias. Moreover, cardiovascular risk factors are cru-
cial for understanding the progression of COVID-19. In-
fected patients should be constantly monitored, follow strict
hygiene protocols, and decrease their social interactions.

4.1 Prognosis of COVID-19 in patients with
cardiovascular risk factors or CVD-myocardial injury

CV risk factors, preexisting CVD, and myocardial in-
jury are negative prognostic predictors of severe cases of
COVID-19 based on our current understanding of SARS-
CoV-2 [56]. Common pre-existing diseases may be risk
factors for a poor prognosis, including CVD (10.5%), hy-
pertension (6%), diabetes mellitus (7.3%), chronic respi-
ratory disease (6.3%), and cancer (5.6%) [15]. Similarly,
smoking history and older age may be high-risk factors.
Cardiovascular implications may worsen prognosis in pa-
tients with COVID-19, emphasizing the importance of ad-
vanced detection and optimal therapeutic strategies. My-
ocardial injury is a prevalent complication in hospitalized
COVID-19 patients, with or without previous CVD, that
may present a significant association with in-hospital mor-
tality and a poor prognosis [23].

Yang et al. [39], in their study of 224 patients, sug-
gested that the SARS-CoV-2 virus can induce myocardial
injury, increase clinical progression, and worsen progno-
sis. Compared with survivors, non-survivors were older,
with severe inflammation, more comorbidities, higher lev-
els of myocardial biomarkers, and lower oxygen saturation.
However, as the myocardial cells are not first cells — like
the respiratory epithelial cells or the gastrointestinal epithe-
lial cells which have direct contact with the virus particles
— it is unlikely that SARS-CoV-2 viral infection has a di-
rect impact on myocardial injury. It is more likely that
viral infection starts by inducing the deaths of respiratory
epithelial cells through apoptosis, necrosis, or necroptosis.
Cell death in the respiratory tract and localized inflamma-
tion is an effective immune response to SARS-CoV-2 viral
infection that ultimately contains the virus from spreading
to other organs of the body [57-59]. Yet the immunological
degradation of cells damaged by virus particles may create a
transient surge of nutrition supply to the whole body, which
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Fig. 2. Underlying comorbidities in COVID-19 patients [S4]. Hospitalization data were restricted to cases between March 2020 and

July 2021. Throughout this time, data was collected from hospitalized adults aged >18 years.

may create an overnutrition state, possibly leading to lipo-
toxicity in the whole body in some patients [60], that may
also lead to damaged myocardial cells [61-65]. Basically,
CVD is more likely to be caused by the indirect affect of
the virus infection on immune system degradation and lip-
toxicity.

Another interesting point is the effect of SARS-CoV-
2 on the cardiovascular system, as it may cause or conduce
to acute cardiovascular events, microvascular thrombosis,
myocardial damage, and arrhythmias [12,66—68].

Summarizing, the evidence from the studies suggested
that prior CVD, older age, male sex, the early requirement
for oxygen supplementation, higher respiratory rates, mod-
ified mental state, and laboratory abnormalities, cytokine
storm, and higher troponin T concentrations were correlated
with adverse prognosis [23,55]. The findings of this review
show that the myocardial injury is an ordinary clinical mani-
festation of COVID-19 and a significant risk factor for poor
prognosis.

4.2 Cardiovascular rehabilitation and exercise in
post-COVID-19 era

Lai et al. [69] claimed that the clinical impacts of from
SARS-CoV-2 pneumonia is correlated to a high CVD risk.
Generally, the findings of included literature emphasize the
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importance of special preventive and protective strategies
and tailored therapeutic approaches. First, cardiovascular
patients and patients with several cardiovascular risk factors
should be monitored consistently for microvascular, throm-
bosis, arrhythmias, and acute cardiovascular events. After
hospitalization, an interdisciplinary approach is crucial for
patient management [70]. Especially for cardiovascular pa-
tients, exercise-based cardiopulmonary rehabilitation may
be a cornerstone for managing the side effects of SARS-
CoV-2, starting with in-hospital early mobilization.

A consensus statement by Davies et al. [71] pro-
vided valuable recommendations for rehabilitation in post-
COVID-19 era. However, there is a lack of evidence
about the effect of rehabilitation based on exercise train-
ing in COVID-19 survivors. A recent review described an
exercise-based rehabilitation program, physiotherapy air-
way clearance techniques, and techniques focused on ven-
tilation and dyspnea management from existed literature
and studies in non-COVID-19 patients [71]. However, it
lays the foundations for future research to develop exercise-
based rehabilitation and guidelines in COVID-19 survivors
[72—74]. In any case, exercise is a valuable therapeutic ap-
proach with various benefits for respiratory, cardiovascular,
and musculoskeletal systems, and future guidelines will be
important tools for healthcare workers [75-78].
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Table 1. Impact of cardiovascular risk factors in COVID-19.

Study Number of patients (characteristics)

Age Results

n=41
Huang et al. (2020) [10]
Non-survivors: 6

Admission in ICU:13/41, 8/41: diabetes
Median age: 49 mellitus, 6/41: hypertension
6/41: cardiovascular disease 12/41:
developed ARDS
5/41: acute cardiac injury ICU patients,

increased inflammatory markers

n=174

G t al. (2020) [27
uo etal. ( ) 1271 Patients with Diabetes mellitus: 24

) Diabetes mellitus is a severe risk factor for
Median age: 59 .
organ damage, elevated inflammatory factors

or hypercoagulability
=400 i i
Ghany et al. (2020) [34] n ' 74 Age, socioeconomic status, Charlson score
Hospitalized: 244 (2.9 £ 1.4), systolic
n=>584 Blood pressure, body mass index, grade 2

Shang et al. (2021) [29]

Non-survivors: 40

Median age: 59 . . .
or 3 diastolic dysfunction

moderate or severe left ventricular

hypertrophy
Yang et al, (2021 [39] n= ‘203 >80 A significant predictor of hospitalization
Non survivors: 58 and ARDS
=586 Diabet 1litus i ind dent risk fact
Pareck et al. (2021) [55] n . Median age: 58 iabetes mellitus is an'm ependent risk factor
Non-survivors: 82 for the prognosis of COVID-19
Xia et al. (2021) [45] n =330 Median age: 67 17/40 non-survivors had diabetes mellitus
n=463 ) . . g
Guan et al. (2021) [12] . Median age: 61 non-survivors: older with comorbidities
Non-survivors: 60
=693 619 ith at least isk fact
Kuroda ef al, (2021) [31] n . 68 4+ 15 A]'cases wi 2.1 east one risk factor,
Non-survivors: 108 diabetes mellitus most prevalent
Hsu et al. (2021) [30] n =438 65 4 13 High prevalence of diabetes mellitus and

Non-survivors: 109

ischemic heart disease

ARDS, Acute Respiratory Distress Syndrome; ICU, Intensive Care Unit; CRP, C-reactive protein; TNF-a, Tumor Necrosis Factor-a.

Table 2. Levels of evidence of included studies.

Studies Level of evidence
Huang et al. (2020) [10] II
Guo et al. (2020) [27] 1
Shang et al. (2021) [29] 11
Yang et al. (2021) [39] I
Pareek er al. (2021) [55] 1T
Xia et al. (2021) [45] 111
Guan ef al. (2021) [12] 111
Ghany et al. (2020) [34] II
Kuroda et al. (2021) [31] 11
Hsu et al. (2021) [30] II

5. Conclusions

CVD and cardiovascular risk factors play a pivotal
role in the development of COVID-19, leading to a higher
risk of ICU hospitalization and mortality. Correspondingly,
SARS-CoV-2 can induce myocardial injury and cardiovas-
cular side effects. Hypertension is a leading cause of poor
progression among patients with COVID-19, followed by

diabetes mellitus, CVD, smoking, inflammatory markers
storm, obesity, and older age. The findings of this review
emphasize how preventive and tailored management of in-
fected patients with comorbidities is essential for survivor-
ship and the prevention of side effects. These findings will
essential for a better understanding of COVID-19 and the
cardiovascular system (indications for risk estimation, di-
agnosis, and treatment selection), and future investigations
regarding exercise-based rehabilitation for COVID-19 sur-
vivors.
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