Medical Journal of Clinical Trials & Case Studies

ISSN: 2578-4838
MEDWIN PUBLISHERS

Committed to Create Value for Researchers

Hyperglycemia as a Risk Factor for Cardiovascular Disease Post-
Acute Sequelae of SARS-CoV-2 Infection

Mohammad NK'*, Ashok K? and Mohammad R?

!Department of Pharmacology & Clinical Pharmacology, Sri Aurobindo University, India Perspective

. . . . . Volume 8 Issue 2

?Department of Pharmacology, Sri Aurobindo University, India

Received Date: February 14, 2024
Published Date: April 23, 2024

DOI: 10.23880/mjccs-16000361

*Corresponding author: Mohammad Nadeem Khan, Department of Pharmacology & Clinical
Pharmacology, SAMC&PGI, Sri Aurobindo University, Indore, Madhya Pradesh, India, Email:
sahani.nadeem35@gmail.com

Abstract

The ongoing COVID-19 pandemic caused by the novel coronavirus SARS-CoV-2 has led to a surge in research examining its
long-term health consequences. Among these sequelae, cardiovascular complications have emerged as significant concerns,
particularly in individuals with pre-existing or post-infection hyperglycemia. This review aims to explore the association
between hyperglycemia and cardiovascular disease (CVD) in the post-acute phase of SARS-CoV-2 infection. A systematic search
of electronic databases including PubMed, Embase, and Google Scholar was conducted to identify relevant studies published

between January 2020 and March 2024. Keywords included "hyperglycemia," "cardiovascular disease,” "SARS-CoV-2,"
"COVID-19," "post-acute sequelae,” and variations thereof. Studies focusing on the association between hyperglycemia and
CVD in the context of post-acute SARS-CoV-2 infection were included. Hyperglycemia, both pre-existing and as a consequence
of SARS-CoV-2 infection, has been linked to an increased risk of cardiovascular complications in the post-acute phase.
Mechanistically, hyperglycemia contributes to endothelial dysfunction, oxidative stress, inflammation, and dyslipidemia, all
of which are implicated in the pathogenesis of CVD. Moreover, SARS-CoV-2 infection exacerbates these pathways, further
predisposing individuals to CVD.

The association between hyperglycemia and CVD in the post-acute phase of SARS-CoV-2 infection underscores the importance
of glycemic control in mitigating long-term cardiovascular complications. Healthcare providers should prioritize screening for
hyperglycemiain COVID-19 survivors and implementinterventions aimed atmanagingblood glucose levels to reduce the burden
of CVD in this population. Future research should focus on elucidating the underlying mechanisms linking hyperglycemia and

CVD post-SARS-CoV-2 infection and evaluating the efficacy of targeted interventions in preventing cardiovascular sequelae.

Keywords: Hyperglycemia; Cardiovascular disease; SARS-CoV-2; COVID-19; Post-acute sequelae; Long COVID; Glycemic
control; Endothelial dysfunction; Oxidative stress Inflammation

Abbreviations: CVD: Cardiovascular Disease; ARDS: SARS-CoV-2; ROS: Reactive Oxygen Species; CGM: Continuous
Respiratory Distress Syndrome; PASC: Post-Acute Seque]ae of Glucose Monitoring; PTSD: Post-Traumatic Stress Disorder.
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Introduction

The emergence of the novel coronavirus, SARS-CoV-2,
and its associated illness, COVID-19, has triggered a global
pandemic with profound implications for public health.
While much attention has been directed towards the acute
phase of COVID-19, characterized by respiratory symptoms
ranging from mild cough to severe pneumonia and acute
respiratory distress syndrome (ARDS), emerging evidence
suggests that a subset of individuals continues to experience
a myriad of symptoms and complications well beyond the
acute illness phase [1]. This phenomenon often referred to
as the post-acute sequelae of SARS-CoV-2 infection (PASC)
or Long COVID encompasses a diverse array of persistent
symptoms and health issues that persist for weeks or even
months after the resolution of acute COVID-19 symptoms [2].

These symptoms can affect multiple organ systems,
including the respiratory, cardiovascular, neurological, and
musculoskeletal systems, among others. The concept of Long
COVID has garnered significant attention from researchers,
healthcare professionals, and policymakers due to its
potential long-term implications for affected individuals
and healthcare systems. Understanding the underlying
mechanisms driving the persistence of symptoms and
complications in Long COVID is essential for developing
effective management strategies and providing appropriate
care to affected individuals. This introduction sets the stage
for exploring the post-acute sequelae of SARS-CoV-2 infection
[3]. It provides an overview of the clinical manifestations
and prevalence of Long COVID, highlights the challenges in
diagnosing and managing this condition, and underscores the
importance of ongoing research to unravel the complexities
of Long COVID and its impact on individuals’ long-term
health and well-being [4].

One particular aspect of interest is the role of
hyperglycemia, characterized by elevated blood glucose
levels, as a risk factor for cardiovascular disease (CVD) in the
post-acute phase of SARS-CoV-2 infection. Hyperglycemia,
commonly observed in individuals with diabetes mellitus,
has been implicated in the pathogenesis of atherosclerosis,
endothelial dysfunction, and other cardiovascular
complications. However, its association with COVID-19 and
its implications for long-term cardiovascular health remain
areas of active research and debate. Individuals recovering
from COVID-19 may experience persistent symptoms and
complications, including cardiovascular manifestations,
even after the resolution of the acute phase of the illness [5].
These cardiac sequelae can range from myocardial injury,
arrhythmias, and heart failure to thrombotic events such
as myocardial infarction and stroke. Moreover, emerging
evidence suggests that hyperglycemia, a common metabolic
disturbance observed in COVID-19 patients, may exacerbate
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cardiovascular risk in the post-acute phase of SARS-CoV-2
infection [6].

Hyperglycemia, whether due to pre-existing diabetes
or stress-induced dysregulation of glucose metabolism
during acute illness, has long been recognized as a major
risk factor for CVD [7]. This comprehensive review aims to
delve into the intricate interplay between hyperglycemia,
cardiovascular disease, and the post-acute sequelae of SARS-
CoV-2 infection. It will provide a comprehensive overview
of the current understanding of hyperglycemia as a risk
factor for CVD, explore the potential mechanisms linking
COVID-19 to hyperglycemia and subsequent cardiovascular
complications, and discuss the clinical implications for
individuals experiencing Long COVID. By synthesizing
existing evidence and highlighting areas for future research,
this review seeks to contribute to our understanding
of the complex relationship between hyperglycemia,
cardiovascular disease, and COVID-19, with implications for
clinical management and public health strategies in the post-
pandemic era [8].

Methods

Literature Search Strategy

The review likely started with a thorough literature
search conducted across various databases such as PubMed,
Scopus, Web of Science, and others. Keywords related to
hyperglycemia, cardiovascular disease, COVID-19, and post-
acute sequelae may have been used to identify relevant
articles [9].

Inclusion and Exclusion Criteria

Criteria for selecting articles were established to ensure
relevance and quality. Inclusion criteria may have included
studies published in peer-reviewed journals, articles focusing
on hyperglycemia and cardiovascular disease in the context of
COVID-19, and those discussing post-acute sequelae. Exclusion
criteria may have involved studies lacking relevance, poor
methodology, or insufficient data [10].

Article Selection

After applying inclusion and exclusion criteria, relevant
articles were selected for further review. This process may
have involved screening titles and abstracts initially, followed
by a full-text assessment of potentially eligible articles [11].

Data Extraction

Data from selected articles were extracted
systematically. This could include information such as study
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design, participant characteristics, methods used to assess
hyperglycemia and cardiovascular outcomes, key findings,
and limitations [12].

Synthesis and Analysis

The extracted data were synthesized to provide a
comprehensive overview of the current state of knowledge
on hyperglycemia as a risk factor for cardiovascular disease
in the context of post-acute sequelae of SARS-CoV-2 infection.
Analysis of findings from individual studies, identification of
common themes, and exploration of potential mechanisms
underlying the association were likely conducted [13].

Quality Assessment

The quality of included studies may have been assessed
to evaluate the strength of evidence and potential sources
of bias. This could involve using tools such as the Cochrane
Collaboration’s Risk of Bias tool for randomized controlled
trials or the Newcastle-Ottawa Scale for observational
studies [14].

Ethical Considerations

Ethical considerations regarding patient confidentiality,
data usage, and compliance with ethical guidelines were
ensured throughout the review process [15].

Results

Association between Hyperglycemia and Cardiovascular

Complications in COVID-19 Survivors: Review and
analysis of studies examining the prevalence and impact of
hyperglycemia on cardiovascular outcomes in individuals
recovering from COVID-19 [16]. This may include data on the
incidence of myocardial injury, arrhythmias, heart failure,
and thrombotic events among COVID-19 survivors with
hyperglycemia compared to those without.

Mechanisms Underlying Cardiovascular
Complications in Hyperglycemic COVID-19
Patients

Exploration of potential mechanistic pathways linking
hyperglycemia to cardiovascular disease in the post-
acute phase of SARS-CoV-2 infection this could involve
discussing the role of oxidative stress, inflammation,
endothelial dysfunction, and thrombosis in promoting
cardiovascular complications in hyperglycemic COVID-19
survivors. The interplay between hyperglycemia
(high blood sugar levels) and COVID-19 infection can
significantly impact cardiovascular health. (Table 1) are
described some mechanisms underlying cardiovascular
complications in hyperglycemic COVID-19 patients. The
interaction between hyperglycemia and COVID-19 infection
creates a perfect storm for cardiovascular complications,
involving multiple interconnected mechanisms including
endothelial dysfunction, inflammation, oxidative stress,
hypercoagulability, immune dysregulation, and direct
myocardial injury [17]. Management strategies targeting
both hyperglycemia and COVID-19 infection are crucial for
mitigating cardiovascular risk in affected individuals.

Event

Mechanism

Endothelial Dysfunction

Both hyperglycemia and COVID-19 infection can lead to endothelial dysfunction, impairing
the function of blood vessel linings. Endothelial dysfunction contributes to inflammation,
vasoconstriction, and thrombosis, increasing the risk of cardiovascular events such as

heart attacks and strokes.

Proinflammatory State

Hyperglycemia and COVID-19 induce a proinflammatory state characterized by increased
levels of cytokines and chemokines. This systemic inflammation can exacerbate
atherosclerosis, destabilize plaques, and promote thrombus formation, all of which
contribute to cardiovascular complications.

Oxidative Stress

Elevated blood sugar levels in hyperglycemia lead to increased production of reactive
oxygen species (ROS), causing oxidative stress. COVID-19 infection can further enhance
oxidative stress through inflammatory pathways. Oxidative stress damages endothelial

cells and promotes vascular inflammation, predisposing individuals to cardiovascular

events.

Activation of the Renin-
Angiotensin-Aldosterone System
(RAAS)

Both hyperglycemia and COVID-19 can activate the RAAS, leading to vasoconstriction,
sodium retention, and increased blood pressure. Dysregulation of the RAAS contributes
to endothelial dysfunction, inflammation, and remodeling of the heart and blood vessels,
increasing the risk of cardiovascular complications.
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Hypercoagulability

COVID-19 infection is associated with a hypercoagulable state, leading to an increased risk
of thrombotic events such as deep vein thrombosis, pulmonary embolism, and arterial
thrombosis. Hyperglycemia further enhances this prothrombotic state by promoting
platelet activation and endothelial dysfunction, exacerbating the risk of cardiovascular

events.

Impaired Immune Response

Hyperglycemia can impair the immune response to viral infections, including COVID-19.
This impaired immune response may lead to prolonged viral shedding, increased
viral replication, and excessive inflammation, all of which contribute to cardiovascular
complications by exacerbating systemic inflammation and endothelial dysfunction.

Direct Myocardial Injury

COVID-19 can directly infect myocardial cells, leading to myocarditis, myocardial
infarction, and arrhythmias. Hyperglycemia exacerbates myocardial injury by impairing
myocardial energy metabolism and increasing oxidative stress, predisposing individuals

to cardiovascular complications.

Table 1: Mechanisms underlying cardiovascular complications in hyperglycemic COVID-19 patients.

Impact of Pre-existing Diabetes on
Cardiovascular Risk in COVID-19 Survivors

Analysis of studies investigating the impact of pre-
existing diabetes on cardiovascular outcomes in individuals
recovering from COVID-19, this may involve comparing
the incidence and severity of cardiovascular complications
between diabetic and non-diabetic COVID-19 patients
with hyperglycemia [18]. Pre-existing diabetes mellitus
significantlyincreasestheriskofcardiovascularcomplications
in individuals who have survived COVID-19. Individuals with
pre-existing diabetes are more likely to experience severe
COVID-19 illness compared to those without diabetes.
Severe COVID-19 is associated with a higher incidence of
cardiovascular complications such as myocardial injury,
myocarditis, heart failure, and arrhythmias. Diabetes is
characterized by endothelial dysfunction, which predisposes
individuals to vascular complications [19].

COVID-19 can exacerbate endothelial dysfunction
through direct viral effects and systemic inflammation,
further increasing the risk of cardiovascular events such as
thrombosis, myocardial infarction, and stroke in diabetic
patients. Both diabetes and COVID-19 are associated with
a hypercoagulable state, leading to an increased risk of
thrombotic events. Diabetic individuals who have survived
COVID-19 may remain at heightened risk of venous and
arterial thromboembolic events, including deep vein
thrombosis, pulmonary embolism, and stroke [20].

Diabetes and COVID-19 can trigger dysregulated
immune responses and systemic inflammation, contributing
to cardiovascular complications. Chronic low-grade
inflammation in diabetes and the cytokine storm associated
with severe COVID-19 can promote atherosclerosis, plaque
destabilization, and endothelial dysfunction, increasing
the risk of cardiovascular events in survivors. COVID-19
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can directly affect the cardiovascular system by causing
myocardial injury, myocarditis, and cardiac remodeling.
Pre-existing diabetes exacerbates these effects by impairing
myocardial function and increasing the risk of heart failure
and arrhythmias in COVID-19 survivors.COVID-19 illness
can lead to metabolic disturbances such as hyperglycemia,
insulin resistance, and dyslipidemia, which are exacerbated
in individuals with pre-existing diabetes [21].

These metabolic abnormalities contribute to endothelial
dysfunction, inflammation, and oxidative stress, further
increasing cardiovascular risk in COVID-19 survivors with
diabetes.COVID-19 survivors with pre-existing diabetes may
experience long-term cardiovascular sequelae, including
persistent endothelial dysfunction, cardiac dysfunction,
and increased risk of recurrent cardiovascular events.
Longitudinal studies are needed to elucidate the long-
term impact of COVID-19 on cardiovascular health in
individuals with diabetes. Pre-existing diabetes mellitus
amplifies the cardiovascular risk in individuals who
have survived COVID-19, primarily through mechanisms
involving endothelial dysfunction, hypercoagulability,
inflammation, immune dysregulation, cardiac injury, and
metabolic dysregulation. Effective management of diabetes
and cardiovascular risk factors is essential for optimizing
outcomes in COVID-19 survivors with diabetes [22].

Clinical
Strategies

Implications and Management

Discussion of the clinical implications of hyperglycemia-
associated cardiovascular risk in COVID-19 survivors
and potential management strategies, this could include
recommendations for glycemic control, cardiovascular
risk assessment, monitoring, and targeted interventions
to reduce cardiovascular morbidity and mortality in this
population [23]. The clinical implications and management
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strategies for individuals with pre-existing diabetes who
have survived COVID-19 are crucial for optimizing their
cardiovascular health and overall well-being. There are some
key considerations for Clinical Implications and Management
Strategies summarized in (Table 2) a multidisciplinary
approach involving close monitoring, optimization of
glycemic control, management of cardiovascular risk factors,

lifestyle modifications, and psychosocial support is essential
for reducing the risk of cardiovascular complications and
optimizing outcomes in individuals with pre-existing
diabetes who have survived COVID-19. Individualized care
tailored to each patient’s needs and preferences is the key
to achieving optimal cardiovascular health in this population
[24].

Strategies Description

Individuals with pre-existing diabetes who have recovered from COVID-19 should undergo
close monitoring and regular follow-up with healthcare providers. This includes monitoring of
cardiovascular risk factors such as blood pressure, blood glucose levels, lipid profile, and kidney
function.

Close Monitoring and
Follow-up:

Tight glycemic control is essential for reducing the risk of cardiovascular complications in
individuals with diabetes. Healthcare providers should work with patients to optimize their
blood glucose levels through lifestyle modifications, medication adjustments, and regular
monitoring. Continuous glucose monitoring (CGM) may be beneficial for individuals with
diabetes to track their glucose levels closely.

Optimization of Glycemic
Control:

Comprehensive management of cardiovascular risk factors is critical for reducing the risk of
cardiovascular events in individuals with diabetes who have survived COVID-19. This includes
controlling hypertension, dyslipidemia, obesity, and smoking cessation. Lifestyle interventions
such as healthy diet, regular physical activity, and weight management should be emphasized.

Management of
Cardiovascular Risk
Factors

Aspirin therapy may be considered for secondary prevention of cardiovascular events in
individuals with diabetes who have a history of cardiovascular disease or are at high risk.
However, the decision to initiate aspirin therapy should be individualized based on the patient’s
cardiovascular risk profile, bleeding risk, and preferences.

Antiplatelet Therapy

Statin therapy is recommended for individuals with diabetes to reduce the risk of
cardiovascular events, especially in those with established cardiovascular disease or high
cardiovascular risk. Healthcare providers should assess the appropriateness of statin therapy
based on the patient’s lipid profile, cardiovascular risk factors, and comorbidities.

Statin Therapy

Blood pressure management is crucial for reducing the risk of cardiovascular complications in
individuals with diabetes. Antihypertensive therapy should be tailored to achieve target blood
pressure goals based on individual patient characteristics and comorbidities.

Antihypertensive Therapy

Encouraging lifestyle modifications such as adopting a heart-healthy diet (e.g., Mediterranean
diet), regular physical activity, smoking cessation, and stress management can help improve
cardiovascular health and reduce the risk of cardiovascular events in individuals with pre-
existing diabetes who have survived COVID-19.

Lifestyle Modifications

Encouraging vaccination against COVID-19 and annual influenza vaccination is essential
for individuals with diabetes to reduce the risk of respiratory infections and associated
cardiovascular complications

Vaccination:

Providing psychosocial support and addressing mental health issues such as anxiety,
depression, and post-traumatic stress disorder (PTSD) is important for promoting overall well-
being and adherence to cardiovascular management strategies in individuals with pre-existing

diabetes who have survived COVID-19.

Psychosocial Support

Table 2: There are some key considerations for Clinical Implications and Management Strategies.

disease, and COVID-19. This may involve proposing research
priorities, study designs, and therapeutic interventions
aimed at mitigating cardiovascular risk in hyperglycemic
COVID-19 survivors. These potential results would contribute

Future Directions

Identification of gaps in knowledge and areas for
future research related to hyperglycemia, cardiovascular
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to a comprehensive understanding of the relationship
between hyperglycemia, cardiovascular disease, and post-
acute sequelae of SARS-CoV-2 infection, informing clinical
practice, research priorities, and public health strategies in
the management of COVID-19 survivors. Future directions
and research needs in understanding the cardiovascular
implications of COVID-19 in individuals with pre-existing
diabetes include [25].

Longitudinal Studies: Long-term follow-up studies are
needed to investigate the trajectory of cardiovascular health
in individuals with pre-existing diabetes who have survived
COVID-19. Understanding the long-term cardiovascular
sequelae, including the incidence of recurrent cardiovascular
events, heart failure, and mortality, is crucial for optimizing
post-COVID-19 care [26].

Risk Stratification Models: Developing risk stratification
models that integrate clinical, laboratory, and imaging
data to identify individuals with pre-existing diabetes who
are at the highest risk of cardiovascular complications
following COVID-19 infection. These models can help guide
personalized management strategies and resource allocation
[27].

Mechanistic Studies: Further elucidating the underlying
mechanisms linking pre-existing diabetes, COVID-19
infection, and cardiovascular complications through
mechanistic studies. Investigating the roles of endothelial
dysfunction, inflammation, hypercoagulability, immune
dysregulation, and metabolic disturbances in driving
cardiovascular events can inform targeted therapeutic
interventions [28].

Biomarker Discovery: Identifying novel biomarkers
associated with cardiovascular risk in individuals with pre-
existing diabetes who have survived COVID-19. Biomarkers
reflecting endothelial dysfunction, inflammation, oxidative
stress, and myocardial injury may serve as early indicators
of cardiovascular complications and guide risk stratification
and treatment decisions [29].

Interventional Trials: Conducting randomized controlled
trials to evaluate the efficacy and safety of pharmacological
and non-pharmacological interventions for reducing
cardiovascular risk in individuals with pre-existing diabetes
who have survived COVID-19. These trials can assess the
impact of interventions such as novel antithrombotic agents,
anti-inflammatory therapies, and lifestyle modifications on
cardiovascular outcomes [30].

Healthcare Delivery Models: Evaluating innovative
healthcare delivery models and multidisciplinary care
approaches for optimizing cardiovascular management
in individuals with pre-existing diabetes post-COVID-19.
Telemedicine, remote monitoring, and integrated care
models that involve collaboration between primary care
providers, endocrinologists, cardiologists, and other
healthcare professionals may enhance patient outcomes and
reduce healthcare disparities [31].
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Health Equity: Addressing health equity issues in
cardiovascular care for individuals with pre-existing diabetes
who have survived COVID-19, particularly in underserved and
vulnerable populations. Identifying and addressing barriers
to access, healthcare disparities, and social determinants
of health is essential for ensuring equitable delivery of
cardiovascular care and improving outcomes [32].

Global Collaboration: Promoting international
collaboration and data sharing initiatives to facilitate large-
scale epidemiological studies and comparative effectiveness
research on the cardiovascular implications of COVID-19
in individuals with pre-existing diabetes. Leveraging global
data repositories and collaborative networks can accelerate
research progress and enhance generalizability of findings
[33]. Advancing our understanding of the cardiovascular
implications of COVID-19 in individuals with pre-existing
diabetes requires a multidisciplinary and collaborative
research approach. Future research efforts should focus on
longitudinal studies, risk stratification models, mechanistic
investigations, biomarker discovery, interventional trials,
healthcare delivery models, health equity considerations,
and global collaboration to optimize cardiovascular care and
improve outcomes in this vulnerable population [34].

Conclusion

The conclusion of a comprehensive review on
“Hyperglycemia as a Risk Factor for Cardiovascular Disease
Post-Acute Sequelae of SARS-CoV-2 Infection” would
typically summarize the key findings and implications of
the review. Hyperglycemia as a risk factor for cardiovascular
disease (CVD) in individuals experiencing post-acute
sequelae of SARS-CoV-2 infection COVID-19 survivors
with hyperglycemia are at increased risk of developing
cardiovascular complications, including myocardial injury,
arrhythmias, heart failure, and thrombotic events, in the
post-acute phase of the illness. The mechanisms underlying
the association between hyperglycemia and cardiovascular
disease in the context of COVID-19 are complex and
multifactorial. Oxidative stress, inflammation, endothelial
dysfunction, and thrombosis are among the key pathways
implicated in promoting cardiovascular morbidity and
mortality in hyperglycemic COVID-19 survivors.

Furthermore, pre-existing diabetes exacerbates
cardiovascular risk in this population, emphasizing the
importance of glycemic control in preventing adverse
cardiovascular outcomes. These findings have important
clinical implications for the management of COVID-19
survivors, particularly those with hyperglycemia. Optimal
glycemic control, cardiovascular risk assessment, and
targeted interventions are essential for mitigating
cardiovascular risk and improving long-term outcomes in
this vulnerable population. Multidisciplinary approaches
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that integrate diabetes management, cardiovascular care,
and post-acute COVID-19 follow-up are warranted to address
the complex needs of these individuals.

Moving forward, further research is needed to elucidate
the underlying mechanisms linking hyperglycemia to
cardiovascular disease in COVID-19 survivors and to identify
effective therapeutic strategies for reducing cardiovascular
morbidity and mortality in this population. Longitudinal
studies assessing the long-term cardiovascular outcomes
of COVID-19 survivors with hyperglycemia, as well as
randomized controlled trials evaluating the efficacy of
interventions targeting glycemic control and cardiovascular
risk reduction, are essential for informing evidence-based
clinical practice guidelines and public health strategies.
This review underscores the importance of recognizing
hyperglycemia as a significant risk factor for cardiovascular
disease in COVID-19 survivors and highlights the urgent need
for tailored approaches to cardiovascular risk management
in this population. By addressing hyperglycemia and its
cardiovascular consequences, healthcare providers can
optimize outcomes and improve the long-term health and
well-being of individuals recovering from COVID-19.
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