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Abstract

Objectives

This systematic review examined the relationship between cardiovascular disorders and severe COVID-19 outcomes.
The study aimed to quantify the extent to which individuals with cardiovascular disorders are at risk of developing
severe COVID-19 compared to those without these conditions.

Methodology

A comprehensive search was conducted across PubMed, ScienceDirect, Google Scholar, and the Cochrane Library
databases. Keywords used included "COVID-19," "SARS-CoV-2," "coronavirus," "cardiovascular disorders,"
"hypertension," "coronary artery disease," "heart failure," "atrial fibrillation," "risk factor," and "severe." The search
was limited to articles published between 2020 and 2023 and written in English. The quality of the studies was
assessed using the Newcastle-Ottawa quality assessment tool.

Results

An initial search identified 3,059 studies (Google Scholar = 1,073; ScienceDirect = 752; PubMed = 1,234). After
applying the eligibility criteria, 37 articles were selected for inclusion. Individuals with cardiovascular disorders were
found to be significantly more likely to experience severe COVID-19 outcomes, with an odds ratio (OR) of 1.88 (95%
Cl: 1.32-2.70) for hospitalization and an OR of 3.576 (95% Cl: 1.694-7.548) mortality.
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ﬂe most commonly studied cardiovascular disorders were hypertension, coronary artery disease (CAD), heart failuh
(HF), and atrial fibrillation, all of which were associated with increased rates of ICU admission and mechanical

ventilation.

Conclusion
These findings underscore the need for heightened surveillance and management of individuals with cardiovascular
disorders during the COVID-19 pandemic. The inclusion of a dedicated statistician is recommended to enhance the
statistical rigor of future research. Further investigations are necessary to elucidate the mechanisms by which
cardiovascular disorders contribute to severe COVID-19 outcomes and to develop targeted strategies for risk
mitigation.
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Introduction

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), which causes coronavirus disease
2019 (COVID-19), has been associated with a diverse range of clinical manifestations among affected
individuals. While some patients remain asymptomatic or exhibit mild symptoms, others may experience
severe disease characterized by widespread inflammatory responses, microvascular injury, and
coagulopathy [1]. The risk of developing cardiovascular complications due to COVID-19 is notably
increased in individuals with preexisting cardiovascular risk factors, including advanced age, hypertension,
obesity, diabetes, and atherosclerosis, which are indicative of compromised endothelial function [2]. The
infection can exacerbate these preexisting conditions, leading to complications such as inflammation,
thrombosis, and microvascular obstruction, potentially resulting in multi-organ dysfunction, including
myocardial injury, irrespective of the presence of epicardial coronary artery disease (CAD) [3].

Cardiovascular manifestations of COVID-19 are heterogeneous and may include a variety of conditions
such as thrombosis (arterial, venous, and pulmonary), arrhythmias (both atrial and ventricular), heart
failure (HF), and shock [4]. These complications have been associated with significantly elevated mortality
rates, underscoring the critical need for vigilant monitoring of patients with preexisting cardiovascular
diseases. The profound impact of COVID-19 on the cardiovascular system highlights the increased risk for
individuals with underlying cardiovascular conditions to develop severe complications. The recognition of
the multifaceted nature of cardiovascular presentations in COVID-19, alongside the necessity for careful
monitoring, emphasizes the urgent need for further research to elucidate underlying mechanisms and to
develop targeted interventions aimed at mitigating the risk of severe cardiovascular complications in
affected individuals [5]. Notably, right ventricular dilation has been observed in hospitalized patients with
COVID-19, further complicating the clinical picture [6]. The primary objective of this systematic literature
review is to assess cardiovascular disorders (CVD) as a risk factor for severe COVID-19.

Objectives
This review aims to investigate cardiovascular disorders—including hypertension, HF, arrhythmias,

thrombosis, myocardial injury (myocarditis), acute coronary syndrome, and ischemic heart disease
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(IHD)—as risk factors for severe COVID-19. Severe COVID-19 is defined as cases requiring hospitalization,
intensive care unit (ICU), mechanical ventilation, or resulting in mortality.

Methodology

Inclusion criteria

Studies selected for inclusion met specific criteria. They had to be observational or interventional,
encompassing case-control studies, cohort studies, and randomized controlled trials. Only studies
involving adult human participants diagnosed with cardiovascular disorders, such as hypertension, CAD,
HF, or atrial fibrillation (AF), were included. Outcomes of interest pertained to severe COVID-19, defined
as cases requiring hospitalization or ICU admission, as well as mechanical ventilation and mortality. Eligible
studies were published between 2020 and 2023, in English, and appeared in peer-reviewed journals with
full-text availability. Preference was given to studies published in high-impact journals exhibiting a low
risk of bias, as assessed through quality evaluation. Studies explicitly addressing the relationship between
cardiovascular disorders and severe COVID-19 were prioritized, excluding those focused solely on general
COVID-19 outcomes.

Exclusion criteria

Exclusion criteria comprised basic science studies, animal studies, in vitro studies, and studies involving
pediatric participants or those without diagnosed cardiovascular disorders. Additionally, studies reporting
outcomes unrelated to severe COVID-19—such as general infection or symptom severity—were excluded.
Unpublished works, books, newspapers, case studies, dissertations, literature reviews, narrative articles,
theses, and grey literature were also omitted from consideration.

Search strategy

A comprehensive search was conducted using PubMed, Google Scholar, and ScienceDirect databases. The
search utilized a combination of keywords and Boolean operators, including "COVID-19," "SARS-CoV-2,"
"cardiovascular disorders," and "risk factor." Truncation and wildcard symbols were employed to capture
articles with varying word forms of the keywords. The search was restricted to articles published from
2020 to 2023, in English, and focused on observational or interventional studies. Keywords were
combined strategically to enhance search results, with data runs conducted individually for each database
followed by a combined review.

Study selection process

The combined search results were imported into the Zotero application, where duplicate entries were
identified and removed. The titles and abstracts of the non-duplicate articles were screened for relevance
to the topic. Full-text articles were subsequently evaluated for eligibility based on the established
inclusion and exclusion criteria. Eligible articles were included in the systematic review, and references of
these articles were also scrutinized for additional potential sources.

Assessment of Methodological Quality

The methodological quality of the included studies was assessed to ensure a low risk of bias. The
Newcastle-Ottawa Scale was utilized for this evaluation, which assesses studies based on three main
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components: selection of study groups, comparability of groups, and ascertainment of exposure or
outcome of interest. Each component was evaluated against specific criteria, with scores assigned
accordingly.

Search Terms and Strings

Search terms

. COVID-19

. SARS-CoV-2

. Coronavirus

. Cardiovascular disorders
. Hypertension

. Coronary artery disease
. Heart failure

. Atrial fibrillation

. Risk factor

10. Severe

O 00 N O U1 B WN -

11. Hospitalization
12. Intensive care unit
13. Mortality

Search strings
Table 1: Search Strings
Filters
e Publication Date: 2020 - 2023
e language: English
e Study Design: Observational OR Interventional OR Case-Control OR Cohort OR Randomized
Controlled Trial OR Systematic Review OR Meta-Analysis.

Results

Search results

The initial search yielded a total of 3,059 studies (Google Scholar: 1,073; ScienceDirect: 752; PubMed:
1,234). Following a title and abstract screening, 2,562 studies were assessed, with 1,725 excluded due to
irrelevance to the topic. A total of 837 studies were selected for full-text review, resulting in the retrieval
of 266 articles. Out of these, 234 articles were excluded for failing to meet the inclusion criteria.
Ultimately, 32 articles from the study selection process, along with 5 articles identified through reference
searching, were incorporated into this systematic literature review. The PRISMA flowchart (Figure 1)
illustrates the study selection process for the database articles.

Quality assessment: newcastle ottawa scale
The quality assessment, summarized in Table 2, evaluated 37 studies using the Newcastle-Ottawa
Scale. Most studies received a score of 7, indicating moderate quality. This score reflects certain
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methodological strengths, including well-defined exposed cohorts and clear outcome measures,
but also highlights areas needing improvement, such as the selection of non-exposed cohorts and
the control of significant prognostic factors. Notably, three studies [8,38, 39], achieved a score of
9, showcasing superior methodological rigor, comprehensive data collection, and robust
comparability between exposed and non-exposed groups.

Characteristics of included studies

Table 3 outlines the characteristics of the included studies, while Figure 2 depicts the prevalence of
hypertension and IHD. The studies comprised various designs: randomized controlled trials (RCTs) [8, 38,
40], cohort studies [39, 42, 43], retrospective studies [9-37, 41], and one epidemiological study [44].

Results of included studies

In study [37], cardiovascular diseases emerged as significant predictors of COVID-19 hospitalization,
presenting an odds ratio (OR) of 1.88 (95% Cl: 1.32—2.70). Hypertension was identified as the most
prevalent cardiovascular condition among hospitalized COVID-19 patients across multiple studies [8], [29]
- [31], [34], [36], [40], [44]. The prevalence of hypertension varied significantly, ranging from 15% [9], [27]
to as high as 77% [34]. Study [28] reported an elevated risk of mortality among hypertensive patients,
with an OR of 3.576 (95% Cl: 1.694-7.548).

In a comparative analysis, study [13] divided its cohort into a deceased group and a recovered group,
revealing that the deceased group had a higher prevalence of hypertension (36.7% vs. 15.5%, P < 0.001).
Similarly, 73.4% of deceased patients in study [27] were hypertensive. Study [27] indicated that deceased
patients exhibited a greater prevalence of hypertension (52%) compared to those who were discharged
(37%). Univariate logistic regression in study [26] illustrated significant associations between hypertension
and outcomes such as ICU admission (OR=2.4, 95% Cl: 1.2—4.5), intubation (OR=2.8, 95% CI: 1.1-7.0), and
death (OR=2.8, 95% Cl: 1.4-5.5). Study [44] found hypertension to be associated with an OR of 1.49 (95%
Cl: 1.10-2.01) for critical COVID-19 and OR=1.30 (95% Cl: 0.94-1.79) for fatal COVID-19. The proposed
mechanisms linking hypertension to COVID-19 severity include increased susceptibility to viral entry,
immune dysregulation, and the presence of comorbidities [10], [26] - [28].

Cerebrovascular disease was also identified as a risk factor for severe COVID-19. Univariate logistic
regression in study [26] showed cerebrovascular disease significantly correlated with ICU admission
(OR=1.9, 95% CI: 1.3-3.0), intubation (OR=3.2, 95% CI: 1.6—6.4), and death (OR=4.5, 95% Cl: 2.5-8.0).

Several studies reported varying prevalence rates of ischemic heart disease among COVID-19 patients,
ranging from 7.28% to 38% [8], [17], [18], [27], [28], [29] - [32], [34], [42]. The link between IHD and severe
COVID-19 can be attributed to compromised cardiovascular function and reduced physiological reserves
during viral infection.

Additional cardiovascular conditions associated with severe COVID-19 included ventricular arrhythmia [8],
heart disease [10], [17], [18], HF [8], [14], [30], [44], cardiac injury [10], [15], and atrial fibrillation [10],
[41]. In a comparison between recovered and deceased groups, study [10] found a higher prevalence of
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heart disease among the deceased (11.9% vs. 3.4%, P=0.031). Study [26] highlighted existing CAD as a
significant predictor of ICU transfer or mortality, while multivariable Cox regression analysis in study [27]
revealed a hazard ratio of HR=1.855 (95% Cl: 1.006-3.421; P=0.048) for COVID-19 hospitalization.
Similarly, study [26] indicated that deceased patients exhibited a higher prevalence of HF (49%) compared
to the recovery group. In study [30], HF was independently associated with acute in-hospital mortality
(OR=9.75; 95% Cl: 1.95-48.65), and study [44] reported HF to be associated with an OR of 2.13 (95% Cl:
1.12-4.05) for critical COVID-19 and OR=1.94 (95% Cl: 0.99-3.77) for fatal COVID-19.

Study [26] indicated that acute cardiac injury was present in 77% of deceased patients compared to those
who recovered. In multivariate analysis, study [29] identified cardiac injury on admission as an
independent predictor of mortality, with an OR of 10.58 (95% Cl: 2.42-46.27; P < 0.001). Atrial fibrillation
[30] was associated with ICU admission (OR=4.68; 95% Cl: 1.66—13.18) and increased in-hospital mortality
risk (OR=1.05; 95% Cl: 1.02—-1.09). The prevalence of these cardiovascular conditions varied across studies,
underscoring the need for further research into their specific impacts on COVID-19 outcomes.

ICU admission rates among individuals with cardiovascular disorders ranged significantly from 0.7% [28]
to 69% [11]. Notably, both studies investigated hypertension as a cardiovascular condition within
hospitalized populations. This substantial variability suggests that additional factors beyond
cardiovascular disease may influence clinical outcomes.

Mortality rates among COVID-19 patients with cardiovascular disorders varied from 2.9% [29] to 48.9%
[39]. The higher mortality rates in this population highlight the urgent need to address cardiovascular
health in the context of COVID-19 management. The interplay between COVID-19 and pre-existing
cardiovascular conditions can lead to exacerbated complications and poorer patient outcomes.

In addition to individual studies, large-scale cohort studies encompassing millions of participants
corroborated the association between cardiovascular disorders and severe COVID-19. These studies
demonstrated elevated hospitalization, ICU admission, and mortality rates among individuals with
cardiovascular conditions compared to their counterparts without such conditions.

The hospitalization and ICU admission rates in the RCT study [8] were uniformly 100%. In contrast,
retrospective studies exhibited hospitalization rates ranging from 24% to 100%, and ICU admission rates
fluctuated between 0.7% and 69%. The participant numbers across these studies varied from 63 to 5,279,
revealing no clear correlation between participant count and hospitalization or ICU rates. Studies with the
largest participant numbers often reported a 100% hospitalization rate, while the study with the smallest
cohort also reflected this trend. ICU admission rates in larger studies ranged from 11% to 32%, whereas
smaller studies showed a wide variation from 0.7% to 69%.

Discussion

The recent COVID-19 pandemic has illuminated the intricate relationship between infectious diseases and
comorbid conditions [45]. Numerous studies have indicated that individuals hospitalized for COVID-19
frequently have underlying conditions such as hypertension, cardiovascular diseases, and IHD. These
comorbidities are well-known to heighten the risk of disease progression and mortality in COVID-19
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patients. Upon hospitalization, affected individuals often exhibit biomarkers indicative of cardiac stress or
injury, along with elevated levels of inflammation [49]. This physiological response, combined with the
virus's direct effects, has led to a higher incidence of cardiovascular complications, including arrhythmias,
HF, and thrombotic events.

According to the Cochrane Heart Group, the mechanisms by which COVID-19 may precipitate and
exacerbate cardiovascular complications stem from the severe inflammatory response triggered by the
virus, as well as the acute respiratory distress syndrome that can induce hypoxia and diminish myocardial
oxygen delivery [47]. These mechanisms, particularly when present in individuals with preexisting IHD,
significantly increase the risk of adverse cardiovascular outcomes.

Data indicate that hypertension poses a more substantial risk factor for COVID-19 patients compared to
other cardiovascular conditions. Several factors contribute to this high prevalence: hypertension affects
approximately one in three adults worldwide, making it likely that a considerable portion of those infected
with COVID-19 also has this condition. Additionally, hypertension has been associated with an increased
risk of severe illness and mortality from COVID-19 [49]. This is attributed to hypertension's impact on the
cardiovascular system, which can elevate the likelihood of complications such as myocardial injury and
ischemia. Furthermore, the severe inflammatory response triggered by COVID-19 may exacerbate
hypertension, further elevating the risk of negative outcomes.

Hypertension and COVID-19 share several common risk factors, including advanced age, obesity, and
diabetes, which may account for the higher prevalence of hypertension among COVID-19 patients [49].
These shared risk factors can also increase the likelihood of severe illness and death from COVID-19 in
individuals with hypertension. Overall, the elevated prevalence of hypertension in COVID-19 patients
likely results from a combination of its general prevalence, its association with severe COVID-19 outcomes,
and overlapping risk factors.

A systematic review and meta-analysis [48] revealed a strong correlation between age and male gender
with severe cases of COVID-19 [50]. Notably, this association was found to be independent of each other.
The analysis also identified a positive link between smoking (both current and former) and severe COVID-
19. Preexisting CVD, hypertension, and diabetes have been consistently associated with severe COVID-19
across various studies. However, few studies have adequately considered the influence of age and sex on
these associations. One study demonstrated that hypertension and diabetes were independently linked
to severe COVID-19, even after adjusting for age and other comorbidities [51]. These findings suggest that
while age may impact the relationship between hypertension, prior cardiovascular diseases, and severe
COVID-19, sex may not exert a similar effect.

Hypertension and IHD are interrelated conditions that exhibit a strong correlation. High blood pressure, a
hallmark of hypertension, places excessive strain on blood vessels and the heart, facilitating the formation
of blood clots and plaque buildup in the coronary arteries. This increases the likelihood of IHD,
characterized by reduced blood flow to the heart muscle, potentially leading to chest pain, heart attacks,
and, in severe cases, sudden death. The complex interplay between these conditions is evident in their
coexistence and prevalence among COVID-19 patients.
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The findings of this review align with previously published research. An umbrella systematic review
indicated that individuals with preexisting cardiovascular disease are significantly more likely to
experience severe COVID-19, with an odds ratio of 3.86 [52]. This suggests that individuals with
cardiovascular diseases are 3.86 times more likely to exhibit severe symptoms compared to those without
such conditions [52]. This conclusion was based on a diverse pool of studies, revealing substantial
heterogeneity [52]. These results support findings from other published reviews, studies, systematic
reviews, and meta-analyses documenting a high incidence of cardiovascular complications in patients with
severe COVID-19 infection.

Study limitations and impact

This systematic review acknowledges several limitations that may affect the validity and generalizability
of its findings. Most of the included studies were retrospective, which can introduce inaccuracies and
potential recall bias in data collection. While we incorporated both interventional and observational
studies, the review was restricted to peer-reviewed articles published in English. This limitation may lead
to publication bias, as relevant studies not meeting these criteria could offer valuable insights and affect
our conclusions. Additionally, during the study selection process, 571 articles could not be retrieved for
full-text review, potentially excluding significant research. Furthermore, the majority of included studies
focused on hospitalized COVID-19 patients, which may overlook milder cases and limit the applicability of
findings to the broader population.

The implications of this review for clinical practice, public health policy, and future research are
substantial. Given the focus on hospitalized cases, caution is warranted in generalizing these results to
non-hospitalized COVID-19 patients. Our findings indicate that hospitalized COVID-19 patients with
cardiovascular diseases are at a higher risk of severe disease. Public health policies should reflect these
findings. Future research should not be confined to peer-reviewed journals or English-language articles,
as this would help ensure that relevant studies are not overlooked in exploring the relationship between
cardiovascular disorders and severe COVID-19.

Conclusion

In summary, this comprehensive review demonstrates a correlation between several cardiovascular
diseases—such as hypertension and IHD—and an increased likelihood of severe COVID-19 manifestations
and higher mortality rates. Hospitalization for COVID-19 is associated with a potential 25% incidence of
cardiovascular complications, highlighting the need for further research to understand the long-term
effects of COVID-19 on cardiovascular health. Many cardiovascular risk factors linked to COVID-19 are
modifiable, suggesting that enhancing cardiovascular health through targeted prevention strategies may
lead to improved outcomes for individuals post-COVID-19.

Declarations

e  Clinical trial number: Not applicable.
e Ethics approval and consent to participate: Not applicable. This systematic review used publicly
available data and did not involve direct participation of human subjects.

Review Article | Al-Saud SA, Clin Med Res 2025, 6(1)-93
DOI:_https://doi.org/10.52793/ACMR.2025.6(1)-93



https://doi.org/10.52793/ACMR.2025.6(1)-93

e Consent for publication: Not applicable. As no individual patient data was used, consent for
publication is not required.

e Availability of data and material: The data used in this systematic review are publicly available
and can be accessed through the respective databases (e.g., PubMed, Cochrane Library, etc.). No
new datasets were generated for this review.

e Funding: This systematic review was not funded by any external sources.

e Competing interests: The authors declare no competing interests.

e Acknowledgements: N/A

References

1.

10.

11.

12.

13.

14.

Synowiec A, Szczepaniski A, Barreto-Duran E, Lie LK, Pyrc K. (2021) severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2): a systemic infection. Clin Microbio Rev. 34(2):e00133-20.

Lau D, McAlister FA. (2021) Implications of the COVID-19 pandemic for cardiovascular disease and
risk-factor management. Can J Cardiol. 1;37(5):722-32.

YinJ, Wang S, LiuY, Chen J, Li D, et al. (2021) Coronary microvascular dysfunction pathophysiology in
COVID-19. Microcirculation. 28(7):12718.

Gavriatopoulou M, Korompoki E, Fotiou D, Ntanasis-Stathopoulos |, Psaltopoulou T et al.
(2020) Organ-specific manifestations of COVID-19 infection. Clin Exp Med. 20(4):493-506.

Driggin E, Madhavan MV, Bikdeli B, Chuich T, Laracy J, et al. (2020) Cardiovascular considerations for
patients, health care workers, and health systems during the COVID-19 pandemic.)J Am Coll
Cardiol. 12;75(18):2352-71.

Argulian E, Sud K, Vogel B, Bohra C, Garg VP, et al. (2020) Right ventricular dilation in hospitalized
patients with COVID-19 infection. JACC Cardiovascular Imaging. 13(11):2459-61.

Wang Y, Zhang D, Du G, Du R, Zhao J, et al. (2020) Remdesivir in adults with severe COVID-19: a
randomised, double-blind, placebo-controlled, multicentre trial. The Lancet. 16;395(10236):1569-78.
Duanmu Y, Brown IP, Gibb WR, Singh J, Matheson LW, et al. Characteristics of emergency department
patients with COVID-19 at a single site in Northern California: clinical observations and public health
implications. Acad Emerg Med. 27(6):505-09.

Buckner FS, McCulloch DJ, Atluri V, Blain M, McGuffin SA, et al. (2020) Clinical features and outcomes
of 105 hospitalized patients with COVID-19 in Seattle, Washington. Clin Infect Dis. 71(16):2167-73.
Argulian E, Sud K, Vogel B, Bohra C, Garg VP, et al. (2020) Right ventricular dilation in hospitalized
patients with COVID-19 infection. JACC Cardiovascular Imaging. 13(11):2459-61.

Du RH, Liu LM, Yin W, Wang W, Guan LL, et al. (2020) Hospitalization and critical care of 109 decedents
with COVID-19 pneumonia in Wuhan, China. Ann Am Thorac Soc. 17(7):839-46.

Deng, Liu W, Liu K, Fang YY, Shang J, et al. (2019) Clinical characteristics of fatal and recovered cases
of coronavirus disease 2019 in Wuhan, China: a retrospective study. Chin Med J. (11):1261-7.
Churchill TW, Bertrand PB, Bernard S, Namasivayam M, Churchill J, et al. Echocardiographic features
of COVID-19 illness and association with cardiac biomarkers. ] Am Soc Echocardiogr. 33(8):1053-4.
Chen D, Li X, Song Q, Hu C, Su F, Dai J, et al. (2019) Assessment of hypokalemia and clinical
characteristics in patients with coronavirus disease 2019 in Wenzhou, China.JAMA Netw
Open. 3(6):2011122.

Review Article | Al-Saud SA, Clin Med Res 2025, 6(1)-93
DOI:_https://doi.org/10.52793/ACMR.2025.6(1)-93



https://doi.org/10.52793/ACMR.2025.6(1)-93

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

10

Andrikopoulou M, Madden N, Wen T, Aubey JJ, Aziz A, et al. (2020) Symptoms and critical illness
among obstetric patients with coronavirus disease (COVID-19) infection. Obstet Gynecol. 136(2):291-
9.

Chen T, Wu DI, Chen H, Yan W, Yang D, et al. (2020) Clinical characteristics of 113 deceased patients
with coronavirus disease 2019: retrospective study. BMJ. 26;368.

Deng Q, Hu B, Zhang Y, Wang H, Zhou X, et al. (2020) Suspected myocardial injury in patients with
COVID-19: evidence from front-line clinical observation in Wuhan, China. Int J Cardiol. 311:116-21.
Alkundi A, Mahmoud I, Musa A, Naveed S, Alshawwaf M. (2020) Clinical characteristics and outcomes
of COVID-19 hospitalized patients with diabetes in the United Kingdom: a retrospective single centre
study. Diabetes Res Clin Pract. 165: 108263.

Cecconi M, Piovani D, Brunetta E, Aghemo A, Greco M, et al. (2020) Early predictors of clinical
deterioration in a cohort of 239 patients hospitalized for Covid-19 infection in Lombardy, Italy. J Clin
Med. 9(5):1548.

Deng P, Ke Z, Ying B, Qiao B, Yuan L. (2020) The diagnostic and prognostic role of myocardial injury
biomarkers in hospitalized patients with COVID-19. Clinica Chimica Acta. 510:186-90.

Chen Q, Zheng Z, Zhang C, Zhang X, Wu H, et al. (2020) Clinical characteristics of 145 patients with
coronavirus disease 2019 (COVID-19) in Taizhou, Zhejiang, China. Infection. 48:543-51.

Ayanian S, Reyes J, Lynn L, Teufel K. (2020) The association between biomarkers and clinical outcomes
in novel coronavirus pneumonia in a US cohort. Biomark Med. (12):1091-7.

Biagi A, Rossi L, Malagoli A, Zanni A, Sticozzi C, et al. (2020) Clinical and epidemiological characteristics
of 320 deceased patients with COVID-19 in an Italian Province: A retrospective observational study. J
Med Virol. (11): 2718-24.

Al-Samkari H, Karp Leaf RS, Dzik WH, Carlson JC, et al. (2020) COVID-19 and coagulation: bleeding and
thrombotic manifestations of SARS-CoV-2 infection. Blood 136(20):2499-510.

Aloisio E, Chibireva M, Serafini L, Pasqualetti S, Falvella FS, et al. (2020) A comprehensive appraisal of
laboratory biochemistry tests as major predictors of COVID-19 severity. Arch Pathol Lab
Med. 144(12):1457-64.

Brill SE, Jarvis HC, Ozcan E, Burns TL, Warraich RA, et al. (2020) COVID-19: a retrospective cohort study
with focus on the over-80s and hospital-onset disease. BMC Medicine. 18:1-9.

Bhandari S, Singh A, Sharma R, Rankawat G, Banerjee S, et al. (2020) Characteristics, Treatment
Outcomes and Role of Hydroxychloroquine among 522 COVID-19 hospitalized patients in Jaipur City:
An Epidemio-Clinical Study. J Assoc Physicians India. 68(6):13-19.

Barman HA, Atici A, Sahin |, Alici G, Tekin EA, et al. (2021) Prognostic significance of cardiac injury in
COVID-19 patients with and without coronary artery disease. Coron Artery Dis. 32(5):359-366.

Bhatla A, Mayer MM, Adusumalli S, Hyman MC, Oh E, et al.(2020) COVID-19 and cardiac
arrhythmias. Heart Rhythm. 17(9):1439-44.

Albitar O, Ballouze R, Ooi JP, Ghadzi SM. (2020) Risk factors for mortality among COVID-19
patients. Diabetes Res Clin Pract. 166:108293.

Argenziano MG, Bruce SL, Slater CL, Tiao JR, Baldwin MR, et al. (2020) Characterization and clinical
course of 1000 patients with coronavirus disease 2019 in New York: retrospective case
series. BMJ. 369:m1996.

Review Article | Al-Saud SA, Clin Med Res 2025, 6(1)-93
DOI:_https://doi.org/10.52793/ACMR.2025.6(1)-93



https://doi.org/10.52793/ACMR.2025.6(1)-93

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

11

Bean DM, Kraljevic Z, Searle T, Bendayan R, Kevin OG, et al. (2020) Angiotensin-converting enzyme
inhibitors and angiotensin Il receptor blockers are not associated with severe COVID-19 infectionin a
multi-site UK acute hospital trust. Eur ) Heart Fail. 22(6):967-74.

Cariou B, Hadjadj S, Wargny M, Pichelin M, Al-Salameh A, et al. (2020) Phenotypic characteristics and
prognosis of inpatients with COVID-19 and diabetes: the CORONADO study. Diabetologia. 63(8):1500
15.

Cantador E, Nufiez A, Sobrino P, Espejo V, Fabia L, et al. (2020) Incidence and consequences of
systemic arterial thrombotic events in COVID-19 patients. J Thromb Thrombolysis. 50(3):543-47.
Alsofayan YM, Althunayyan SM, Khan AA, Hakawi AM, Assiri AM. Clinical characteristics of COVID-19
in Saudi Arabia: a national retrospective study. J Infect Public Health. 13(7):920-25.

Bravi F, Flacco ME, Carradori T, Volta CA, Cosenza G, et al. (2020) Predictors of severe or lethal COVID-
19, including angiotensin converting enzyme inhibitors and angiotensin Il receptor blockers, in a
sample of infected Italian citizens. PLoS One. 15(6):e0235248.

Cao B, Wang Y, Wen D, Liu W, Wang J, et al. (2020) A trial of lopinavir—ritonavir in adults hospitalized
with severe Covid-19. N Engl J Med. 382(19):1787-99.

Warren-Gash C, Davidson JA, Strongman H, Herrett E, Smeeth L, et al. (2023) Severe COVID-19
outcomes by cardiovascular risk profile in England in 2020: a population-based cohort study. Lancet
Reg Health Eur. 27:100604.

Deftereos SG, Giannopoulos G, Vrachatis DA, Siasos GD, Giotaki SG, et al. (2020) Effect of colchicine
vs standard care on cardiac and inflammatory biomarkers and clinical outcomes in patients
hospitalized with coronavirus disease 2019: the GRECCO-19 randomized clinical trial. JAMA Netw
Open. 3(6):e2013136.

Raisi-Estabragh Z, Cooper J, Salih A, Raman B, Lee AM, et al. (2022) Cardiovascular and mortality
sequelae of COVID-19 in the UK Biobank. Heart. 109(2):119-26.

Abbasi J. (2022) The COVID heart—one year after SARS-CoV-2 infection, patients have an array of
increased cardiovascular risks. JAMA. 327(12):1113-4.

Xie Y, Xu E, Bowe B, Al-Aly Z.(2022) Long-term cardiovascular outcomes of COVID-19. Nature
Med. 28(3):583-90.

Kong KA, Jung S, Yu M, Park J, Kang IS. (2021) Association between cardiovascular risk factors and the
severity of coronavirus disease 2019: Nationwide epidemiological study in Korea. Front Cardiovasc
Med. 8:732518.

Osman EE, Toogood PL, Neamati N. (2020) COVID-19: living through another pandemic. ACS Infect
Dis. 6(7):1548-52.

Wang Y, Zhang D, Du G, Du R, Zhao J, et al. (2020) Remdesivir in adults with severe COVID-19: a
randomised, double-blind, placebo-controlled, multicentre trial. Lancet. 395(10236):1569-78.
Cochrane Heart Group, Pellicori P, Doolub G, Wong CM, Lee KS, et al. (2021) COVID-19 and its
cardiovascular effects: a systematic review of prevalence studies. Cochrane Database Syst
Rev. 3(3):CD013879.

Du Y, Zhou N, Zha W, Lv Y. (2021 Hypertension is a clinically important risk factor for critical illness
and mortality in COVID-19: A meta-analysis. Nutr, Metab Cardiovasc Dis. 31(3):745-55.

Review Article | Al-Saud SA, Clin Med Res 2025, 6(1)-93
DOI:_https://doi.org/10.52793/ACMR.2025.6(1)-93



https://doi.org/10.52793/ACMR.2025.6(1)-93

48.

49.

50.

51.

12

Escobedo-de la Pefia J, Rascon-Pacheco RA, Ascencio-Montiel | de J, Gonzalez-Figueroa E, Fernandez-
Gérate JE, et al. (2021) Hypertension, Diabetes and Obesity, Major Risk Factors for Death in Patients
with COVID-19 in Mexico. Arch Med Res. 52(4):443-449.

Matsushita K, Ding N, Kou M, Hu X, Chen M, Gao Y, et al. The relationship of COVID-19 severity with
cardiovascular disease and its traditional risk factors: a systematic review and meta-analysis. Glob
Heart. 15(1):64.

Liang W, Guan W, Chen R, Wang W, Li J, et al. (2020) Cancer patients in SARS-CoV-2 infection: a
nationwide analysis in China. Lancet Oncol. 21(3):335-37.

Harrison SL, Buckley BJ, Rivera-Caravaca JM, Zhang J, Lip GY. Cardiovascular risk factors,
cardiovascular disease, and COVID-19: an umbrella review of systematic reviews. Eur Heart J Qual
Care Clin Outcomes. 7(4):330-39.

Review Article | Al-Saud SA, Clin Med Res 2025, 6(1)-93
DOI:_https://doi.org/10.52793/ACMR.2025.6(1)-93



https://doi.org/10.52793/ACMR.2025.6(1)-93

