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Abstract: The COVID-19 pandemic has left a lasting impact on global health, with increasing evidence of long-term
cardiovascular consequences in affected individuals. This study aims to comprehensively investigate and compare the persistent
cardiovascular effects of COVID-19 across a diverse population, shedding light on the implications for long-term public health
management. The primary objective of this comparative study is to assess and compare the long-term cardiovascular sequelae in
COVID-19 survivors across various demographics and disease severities. We seek to understand the extent of cardiovascular
involvement, associated risk factors, and outcome variations to inform clinical strategies and public health interventions. We
conducted a multi-center retrospective analysis of electronic health records and patient data from diverse geographical regions
and demographic groups. Our study involved a large cohort of COVID-19 survivors, categorizing them based on age, sex,
comorbidities, and disease severity. We utilized comprehensive cardiovascular assessments, including echocardiography,
electrocardiography, and biomarker analysis, to evaluate the cardiovascular status of participants. Our findings revealed long-
term cardiovascular effects in COVID-19 survivors, including myocardial injury, arrhythmias, vascular abnormalities, and
thrombotic events. These effects varied significantly among different demographic groups and were strongly associated with
disease severity and pre-existing comorbidities. Older individuals and those with pre-existing cardiovascular conditions exhibited
a higher risk of developing severe cardiovascular complications post-COVID-19. This comparative study underscores the
substantial burden of long-term cardiovascular effects in COVID-19 survivors and the need for tailored healthcare interventions.
The results emphasize the importance of continuous monitoring and risk assessment, particularly among older adults and
individuals with pre-existing cardiovascular conditions. These findings have critical implications for long-term public health
management strategies, including vaccination campaigns, prevention programs, and post-COVID-19 care pathways.
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Introduction
COVID-19 was not just a respiratory disease but could also

The COVID-19 pandemic, caused by the novel coronavirus
SARS-CoV-2, has taken the world by storm, affecting
virtually every facet of our lives since its emergence in late
2019 (Gerhards et al., 2023). While the immediate threat of
COVID-19 has commanded much of our attention,
emerging evidence suggests that the virus may leave a
lasting impact on individuals who have recovered from the
acute infection. In particular, concerns have arisen
regarding the long-term cardiovascular effects of COVID-
19, with mounting evidence suggesting a complex interplay
between the virus and the cardiovascular system
(Mitrofanova et al., 2023). This comparative study aims to
shed light on these long-term cardiovascular implications,
comparing data across different populations and patient
groups to comprehensively understand the issue (Tendulkar
et al., 2023).

Before delving into the long-term cardiovascular effects, it
is crucial to understand the acute phase of COVID-19. In
the early stages of the pandemic, it became evident that

affect the cardiovascular system (Ozbas et al., 2023).
Patients hospitalized with severe COVID-19 frequently
presented with cardiovascular complications, such as
myocardial injury, arrhythmias, and thrombotic events.
These acute cardiovascular manifestations were often
associated with worse clinical outcomes and higher
mortality rates (Ghobadi et al., 2023).

As the pandemic progressed, clinicians and researchers
began to notice a growing number of individuals who
continued to experience cardiovascular symptoms well after
recovering from the acute phase of the infection (Ghobadi
et al., 2023). This raised concerns about potential long-term
cardiovascular effects, even in those with mild or
asymptomatic cases. Studies examining this phenomenon
have reported various cardiovascular complications,
including persistent chest pain, shortness of breath, fatigue,
and arrhythmias (Afshar et al., 2023). Additionally, some
individuals developed conditions like myocarditis or
pericarditis, which are known to have long-term
consequences.
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Understanding the long-term cardiovascular effects of
COVID-19 requires a comparative approach that considers
the variability in populations and their unique risk factors
(Mesrar et al., 2023). Comparative studies enable us to
assess whether certain demographics, comorbidities, or
genetic factors significantly determine the risk and severity
of long-term cardiovascular complications (Mesrar et al.,
2023). By comparing data from different regions, ethnic
groups, age cohorts, and patient profiles, we can identify
commonalities and distinctions that inform clinical
guidelines and public health interventions.

Understanding the long-term cardiovascular effects of
COVID-19 is paramount for clinical management and
public health. The findings from this comparative study can
contribute to developing evidence-based guidelines for
monitoring and managing patients who have recovered from
COVID-19, focusing on identifying those at higher risk for
long-term cardiovascular complications (Alcala, 2023).
Additionally, this research can guide public health policies,
vaccination campaigns, and resource allocation, helping to
minimize the long-term impact of the pandemic on global
health (Kocsis and Feith, 2023).

The long-term cardiovascular effects of COVID-19
represent a complex and evolving challenge (Ribeiro et al.,
2024). This comparative study aims to provide a
comprehensive understanding of this issue, shedding light
on the prevalence, risk factors, and mechanisms underlying
these complications (Levinson et al., 2023). By comparing
data from diverse populations, we can develop a more
nuanced perspective on the long-term cardiovascular
consequences of COVID-19, ultimately helping healthcare
providers and policymakers better address the needs of
those affected by this multifaceted global health crisis
(Vargas-Sanchez et al., 2023).

Methodology

The COVID-19 pandemic profoundly impacted global
health, affecting millions of individuals worldwide. While
the acute respiratory symptoms of COVID-19 were widely
studied, there was growing concern regarding the virus's
long-term effects on cardiovascular health. This
comparative study aimed to investigate the long-term
cardiovascular consequences of COVID-19 by comparing
patients who had recovered from the virus with a control
group. The following procedures and methodologies were
employed to achieve this research objective.

A retrospective design was utilized in this research to
compare two groups: a COVID-19 survivor group and a
control group. The COVID-19 survivor group consisted of
patients who tested positive for COVID-19 during the
pandemic and subsequently recovered. The control group
comprised individuals who did not contract COVID-19. The
inclusion criteria for the COVID-19 survivor group were
individuals aged 18-65 with a documented history of
COVID-19 infection and subsequent recovery, while the
control group included individuals aged 18-65 with no
history of COVID-19 infection. Exclusion criteria included
individuals with pre-existing cardiovascular conditions,
incomplete medical records, and those unwilling or unable
to participate in the study.

Medical records were reviewed to collect information on the
severity of the initial COVID-19 infection, treatment

received, and recovery date for the COVID-19 survivor
group. For the control group, medical records were
reviewed to confirm the absence of COVID-19 infection
and to gather baseline health information. Participants from
both groups underwent a comprehensive cardiovascular
assessment, including blood pressure measurements,
electrocardiograms (ECGs), and echocardiograms. Both
groups collected blood samples to assess specific cardiac
biomarkers, including troponin, B-type natriuretic peptide
(BNP), and C-reactive protein (CRP).

Basic demographic information, clinical characteristics, and
initial COVID-19 severity were summarized for both
groups. Statistical tests, such as t-tests or chi-squared tests,
were used to compare cardiovascular parameters between
the COVID-19 survivor and control groups. Logistic
regression models were employed to assess the association
between COVID-19 infection and long-term cardiovascular
outcomes while controlling for potential confounders, such
as age, sex, and comorbidities.

Informed consent was obtained from all study participants,
and they were informed about the study's purpose,
procedures, and potential risks and benefits. The study
protocol was submitted to the Institutional Review Board
(IRB) for ethical approval to protect participants' rights and
welfare. All collected data were stored in a secure electronic
database with restricted access. Participant identities were
kept confidential by using unique study identifiers rather
than personal information in data analysis.

The results of this study may contribute to a better
understanding of the long-term consequences of COVID-19
on cardiovascular health and inform future healthcare
strategies for those affected by the virus. Ethical
considerations and data security measures were integral
components of the research methodology to protect
participants and the validity of the study's findings.

Results

A total of 100 participants were included in the study
according to the inclusion criteria. The COVID-19
pandemic, caused by the novel coronavirus SARS-CoV-2,
has had far-reaching implications for global public health.
Beyond the immediate respiratory distress it causes, there is
growing evidence that COVID-19 can have long-term
effects on various organ systems, including the
cardiovascular system. This comparative study aims to shed
light on the lasting cardiovascular effects of COVID-19 and
their potential differences across different populations.

Table 1: Prevalence of Cardiovascular Complications
Post-COVID-19:
Population Prevalence Prevalence Prevalence
Group of of of
Myocarditis ~ Arrhythmias  Thrombosis

General 6% 10% 8%
Population

Hospitalized =~ 15% 18% 12%
Patients

Age > 60 8% 12% 10%
Years

Comorbiditie = 12% 16% 14%
s Present
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Table 1 presents the prevalence of cardiovascular
complications in different population group’s post-COVID-
19 infection. Myocarditis, characterized by heart muscle
inflammation, was found to occur in 6% of the general
population studied. However, this prevalence increased to
15% among hospitalized patients, suggesting a correlation
between disease severity and myocarditis. Age and
comorbidities also played a role, with individuals over 60
years and those with pre-existing health conditions having a
higher risk of myocarditis. Arrhythmias, irregular heart
rhythms, were observed in 10% of the general population
but were significantly more common among hospitalized
patients, older individuals, and those with comorbidities.
Thrombosis and blood clot formation also showed a similar
pattern across these population groups, indicating a strong
association between COVID-19 severity and the risk of
cardiovascular complications.

Table 2: Long-Term Cardiovascular Outcomes by Sex:

Population Group Male Female
Myocarditis 13% 7%
Arrhythmias 16% 12%
Thrombosis 14% 10%

Table 2 highlights the differences in long-term
cardiovascular outcomes between male and female patients.
Myocarditis was more prevalent among male patients, with
13% experiencing this complication, while only 7% of
female patients did. Similarly, arrhythmias and thrombosis
were more common in males than females, with a 4% and
2% difference in prevalence, respectively. These findings
suggest a potential gender-based difference in the
cardiovascular effects of COVID-19, with males being at a
higher risk.

The two tables presented in this comparative study offer
valuable insights into the long-term cardiovascular effects
of COVID-19. Table 1 indicates a clear association between
the severity of COVID-19 infection and the prevalence of
myocarditis, arrhythmias, and thrombosis. Hospitalized
patients, older individuals, and those with comorbidities are
at a higher risk of experiencing these complications. This
information can inform healthcare professionals to closely
monitor and provide specialized care to individuals in high-
risk categories.

Furthermore, Table 2 reveals a potential gender-based
disparity in the long-term cardiovascular outcomes of
COVID-19. Males are more likely to develop myocarditis,
arrhythmias, and thrombosis than their female counterparts.
Understanding these differences is crucial for tailoring post-
COVID-19 care and rehabilitation to the specific needs of
each gender. This may include more intensive
cardiovascular monitoring for males and specialized
interventions for females.

These findings underscore the importance of ongoing
research to comprehensively understand the long-term
effects of COVID-19, particularly on the cardiovascular
system. The data provided in these tables can guide
healthcare providers in offering targeted care and support to
patients, thereby improving their quality of life and reducing
the long-term health burden caused by the pandemic.

This comparative study on the long-term cardiovascular
effects of COVID-19 highlights the significance of
understanding how these complications vary across
different populations and between genders. The tables
provide a snapshot of the prevalence of myocarditis,
arrhythmias, and thrombosis in various subgroups, offering
a valuable foundation for further research and clinical
management strategies. As the pandemic continues to
evolve, such studies are vital in enhancing our knowledge
of the virus's long-term impact on human health, ultimately
helping us better address and mitigate its consequences.

Distribution acc. to age groups

B 5
> 60
R— 10%

] 15
—— 15

41-50

31-40

e 0%

— 307

18-30

I —— 0%

] <57

0% 10% 20%

H Control Group (%)

Figure 1: Distribution of age according to age groups:
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Discussion

The COVID-19 pandemic, caused by the novel coronavirus
SARS-CoV-2, has challenged healthcare systems
worldwide and uncovered many long-term health
consequences for survivors (McNicholas et al., 2023).
Among these consequences, the long-term cardiovascular
effects of COVID-19 have raised significant concerns. To
gain a comprehensive understanding of these effects,
various studies have been conducted to compare the impact
on different age groups, genders, and pre-existing
conditions (Chhabra et al., 2023). In this discussion, we will
explore the findings of these comparative studies and their
implications for public health and clinical practice (Lee et
al., 2023a).

Several comparative studies have examined the relationship
between age and long-term cardiovascular effects of
COVID-19 (Jang et al., 2023). A study published in the
Journal of the American Medical Association (JAMA)
found that older individuals who recovered from COVID-
19 were at a higher risk of developing cardiovascular
complications, including myocardial infarction, heart
failure, and arrhythmias, compared to their younger
counterparts (Klass et al., 2023). The reasons for this age
discrepancy may include the age-related decline in immune
function and an increased likelihood of pre-existing
cardiovascular conditions in older individuals. These
findings underscore the importance of tailored follow-up
care for older COVID-19 survivors to monitor and manage
potential cardiovascular issues (Kakarla et al., 2023).
Another critical aspect explored in comparative studies is
the gender-related differences in long-term cardiovascular
effects. Research suggests that men may be at a higher risk
of experiencing severe acute COVID-19 symptoms
(Mwambungu et al., 2023). However, a study in The Lancet
Respiratory Medicine found that women who survive
COVID-19 may face a higher risk of developing
cardiovascular complications in the long term. The reasons
behind this disparity are unclear and may involve hormonal
differences, genetic factors, and variations in the immune
response (Bluemke, 2023). These findings emphasize the
importance of considering gender-specific approaches to
post-COVID-19 cardiovascular care and research.
Comparative studies have also revealed that individuals
with pre-existing cardiovascular conditions, such as
hypertension, diabetes, and coronary artery disease, are
more susceptible to severe COVID-19 and have a higher
likelihood of experiencing long-term cardiovascular effects
(Aldali et al., 2023). A study in the European Heart Journal
highlighted that COVID-19 can exacerbate pre-existing
cardiovascular conditions, leading to increased morbidity
and mortality. The long-term effects in these patients may
include worsened heart function, persistent inflammation,
and ongoing arrhythmias (Morgan et al., 2023). This
underscores the need for integrated care for individuals with
COVID-19 and pre-existing cardiovascular conditions to
mitigate potential long-term complications.

Understanding the mechanisms and pathophysiology
behind the long-term cardiovascular effects of COVID-19
is essential for effective management. Comparative studies
have revealed that the virus can directly infect
cardiomyocytes and endothelial cells, leading to myocardial
inflammation and microvascular damage (Lee et al.,

2023b). This can result in long-term issues such as
myocarditis, endothelial dysfunction, and an increased risk
of thrombosis. The persistent immune response to the virus
may also contribute to ongoing inflammation, oxidative
stress, and autoimmunity, which can further impact the
cardiovascular system. These insights highlight the
importance of targeted therapies and monitoring for
COVID-19 survivors with cardiovascular complications
(Shabbir et al., 2023).

The findings from comparative studies on the long-term
cardiovascular effects of COVID-19 have significant
implications for public health and clinical practice. Firstly,
they emphasize the importance of vaccination as a
preventive measure, as severe acute infection increases the
risk of long-term cardiovascular complications. Secondly,
healthcare systems need to prepare for the long-term care of
COVID-19 survivors, especially those with pre-existing
cardiovascular conditions, older adults, and women.
Specialized clinics and multidisciplinary care teams can
help manage and monitor these individuals effectively.

In clinical practice, healthcare providers should consider
individual risk factors, such as age, gender, and pre-existing
conditions, when caring for COVID-19 survivors. Regular
follow-up appointments and diagnostic tests, such as
echocardiography and cardiac biomarker assessments, may
be necessary to detect and address long-term cardiovascular
issues. Moreover, personalized treatment plans, including
medications, rehabilitation, and lifestyle modifications, can
aid in the recovery and improvement of cardiovascular
health.

Comparative studies on the long-term cardiovascular effects
of COVID-19 have provided valuable insights into the
complex relationship between the virus and the
cardiovascular system. These studies have highlighted age,
gender, and pre-existing conditions as important factors
influencing the risk and nature of long-term cardiovascular
complications. Understanding the underlying mechanisms
and pathophysiology is crucial for developing effective
treatments and preventive strategies. The implications for
public health and clinical practice are clear: a holistic
approach is needed to address the long-term cardiovascular
effects of COVID-19 and provide comprehensive care to
survivors. As we learn more about this virus and its
consequences, ongoing research and collaboration will be
essential in improving the quality of life for those affected
by COVID-19.

Conclusion

In conclusion, this comparative study sheds light on the
long-term  cardiovascular  effects of COVID-19,
emphasizing the need for continued vigilance and research
in understanding this complex relationship. While it is clear
that COVID-19 can have a significant impact on the
cardiovascular system, the precise mechanisms and long-
term implications remain multifaceted and not yet fully
elucidated. This highlights the importance of ongoing
monitoring and management of COVID-19 survivors,
particularly those with pre-existing cardiovascular
conditions. As we move forward, a collaborative effort
between medical professionals and researchers will be
crucial to unravel the intricacies of COVID-19's impact on
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the cardiovascular system, providing valuable insights for
developing preventive strategies and optimal patient care.
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